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GOWER’S TRACT AND SPINAL BORDER CELLS. 
SYBIL COOPER AND SHERRINGTON. 


spinal transection, the monkey, there ensues aboral from 
the lesion, besides the chromolysis Clarke’s column, chromolysis 
number large nerve cells the ventrolateral spinal grey matter. Among 
these cells are some the very largest the ventral grey horn. Now 
the large cells that horn are, well known, motoneurones, that 
cells origin the motor root fibres. The cells which chromolyse are 
not distinguishable microscopic features from the other large cells 
the horn. first seemed possible accept them motor-root cells, 
and suppose their chromolysis behind spinal transection might 
transneuronal due their inactivation following loss the great head- 
ward sources excitation from which they had been cut off (Sherrington, 
1932). Further observations, however, brought their chromolysis clearly 
within scope the ordinary cause chromolysis, namely amputation 
the axone-fibre the nerve cell. That course removes the observed 
cells altogether from the category motor root cells. 


OBSERVATIONS. 


Two representative observations are the following. The experiments 
were small Macacus rhesus monkeys. 


Experiment 2-5 kil. Semisection, thor. days. 

5.4.33 p.m.: The spinal cord was semisected right side, under full 
and asepsis. 18.4.33: the wound having healed completely, the animal 
was destroyed 

The material taken for microscopical examination was the fixed Susa 
and the spinal segments, cut into 0-5 cm. blocks, fixed per cent. alcohol 
fine hedgehog bristle was thrust through the right-hand dorsal white column each 
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block, and removed after the fixation. Embedded paraffin, each block the 
lumbosacral region was cut and mounted serial sections thick, and stained 
with toluidene blue methylene blue following Carleton and Leach. 
logical Technique, 243.] 

The transection not complete transection, 
falling short the mid-line about one-sixth the width the right half 
the cord. median strip the ventral and dorsal white columns next the 
ventral and dorsal fissures therefore spared. 

Chromolysis the ventrolateral grey matter aboral from the lesion. the 
uncrossed side chromolysis (apart from Clarke’s column). crossed side, 
chromolysis 12th thoracic and the lumbosacral segments from Ist 6th inclusive. 
The chromolysed cells are most numerous the 4th and Sth lumbar segments 


/umbo-sacral thoracic cervical 

Fic. 


amounting per lengthwise the headward part the 5th segment. 
None are found aboral from the 6th segment, headward the 12th thoracic. 
The cells tend occupy the lateral and ventral edge the ventrolateral grey matter. 

They are all them large cells, and some them very large, e.g. measure 
across and are traceable individually through consecutive 


Experiment 2.—Female. 2-5 kil. Semisection between 4th and Sth cervical roots. 

days. 

20.3.33, a.m.: Semisection, right side, under deep and full 
asepsis. Right pupil small; right palpebral fissure small, and right scalp hair 
flattened. 

3.4.33 Wound healed, animal climbs cage using all its limbs, but the right hand 
clumsily. Killed with Material taken for microscope before. 
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Microscopical findings.—Lesion spares the dorsal white columns almost entirely. 
Ventrally falls short reaching the mid-line and leaves small dorsoventral 
strip the lip the ventral fissure untouched. the ventrolateral grey matter 
segments aboral the lesion there the uncrossed side chromolysis. 
the crossed side chromolysis follows: the 2nd the 5th lumbar segments 
inclusive number large cells obviously chromolysed. The these 
reaches its maximum the hindward half the 4th lumbar, amounting there 
cells per lengthwise millimetre the cord. The position the chromolysed 
cells mainly the grey matter abutting the lateral white column. 


long ascending commissural tract appears therefore arise large 
cells the ventrolateral grey matter the lumbar segments the cord 
and send many least its fibres the top the cord the crossed 


ventrolateral white column. 
The results total spinal transection can compared with the above. 


Experiment 3.—Female. 1:45 kil. Total transection, 8th thor. days. 
11.7.32, a.m.: Operation, full anzsthesia and asepsis. 
18.7.32: Wound healed 4.30 p.m. killed with Material taken for micro- 


scope before. 

Microscopicai findings.—Lesion complete, solidly healed. the 
ventrolateral grey matter aboral lesion: number chromolysed cells the 
lumbar segments inclusive, most numerous about headward half 4th 
segment, where 195 chromolysed cells per mm. left and right sides together. 

Peripheral nerves limb treated with osmic and teased showed degeneration. 


ig. gives graph the results the three experiments. 
They have been tested other observations follows 


Experiment 4.—Male. kil. Semisection 10th thor. days. 

Right side lesion the dorsal columns but little involved ventrally the lesion 
slightly trespasses mid-line, damaging small piece the left-hand border the 
ventral fissure. Otherwise the lesion wholly the right hand side 


the median line and central canal. 
Chromolysis ventrolateral grey matter. None uncrossed side. crossed 
side extends from the 12th thoracic the 6th lumbosacral inclusive. Maximal 


4th lumbar where chromolytic cells per mm. 


Experiment 5.—Female. 1-9 kil. Semisection Ist thor. days. 
Right side lesion (microscoped) fell little short mid-line. The right pupil 
the smaller, right palpebral opening somewhat constricted scalp hair right side 


the flatter. 

uncrossed side. crossed side extends from Ist 6th lumbosacral segments, 
inclusive maximum seems posterior part 3rd segment. None found the 


segments the thoracic region. 


Experiment 6.—Female. kil. Semisection between 3rd and 4th cervical roots. 
days. 
Right pupil small, right palpebral opening narrowed right scalp hair flat. 
Lesion, right side, microscoped: good semisection with 
trally, and not mid-line dorsal. 
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Chromolysis ventrolateral grey matter. None uncrossed side. crossed 
side, chromolysis lumbosacral segments from Ist 6th inclusive maximum 
top 4th segment. None 6th thoracic 3rd thoracic. 


Experiment 7.—Female. 2-4 kil. Semisection between 10th and thor. roots. 


days. 
Lesion, microscoped: full left side semisection with some trespass across ventral 


fissure into right lip fissure. 


Chromolysis ventrolateral grey matter. None uncrossed side. crossed 


side some few chromolysed cells the 3rd and 4th lumbar segments. The cells 
the position and resemble appearance the chromolysed cells found 
these segments the other experiments, but are very much fewer. 


Experiment 8.—Female. kil. Total transection 9th thor. days. 

Chromolysis ventrolateral grey matter. The only indubitably chromolysed 
cells were the lateral grey the lumbar segment. From Experiments 
and seems clear that periods that length the chromolysis has taken place 
and diminished, and the end seven weeks has practically disappeared. 


Experiment 9.—Female. 2-4 kil. Total transection 9th thor. days. 

Chromolysis ventrolateral grey matter. From the thoracic the 6th 
lumbosacral segment inclusive chromolysis which symmetrically bilateral and 
involves its maximal number cells the 4th lumbar, namely 216 per mm., the 
two sides taken together. The countings give successive levels, thor. Ist 
lum. 83; 3rd lum. 170; 4th lum. 216; 5th lum. 110; 6th lum. 7th 


Experiment 10.—Male. 2-9 kil. Total transection 8th thor. days. 

Bilaterally symmetrical chromolysis ventrolateral grey matter from the 12th 
thoracic the 6th lumbosacral segment inclusive, resembling that Experiment 
but not affecting many cells, e.g. the maximum the 4th lum. segm. was 155 


per mm. both sides together. 

Experiment kil. Total transection 10th thor. days. 
Chromolysis ventrolateral grey matter from 12th thor. 6th lumbosacral 

segment inclusive. Bilaterally symmetrical, and resembling Experiment 10, with 

maximum 4th but considerably less numerous than Experiment 10, e.g. here 

cells per mm. 

Experiment 12.—Female. 2:2 kil. Total transection 10th thor. days. 
Chromolysis ventrolateral grey matter from thor. 6th lumbosacral seg- 

ment inclusive bilaterally symmetrical and rather more numerous than Experi- 


ment with maximum posterior part 4th segment cells per mm. The 
number the thoracic segment was only two for the whole length and both 


sides the segment. 
Experiment 13.—Male. kil. Total transection 8th thor. days. 

The chromolysis ventrolateral grey matter resembles segmental distribution 
that previous experiments, e.g. Experiment 10. seemed about heavy 
Experiment but series actual counts was carried out. 

Experiment 14.—Female. kil. Total transection 10th thor. days. 

bilaterally symmetrical chromolysis extended from the thoracic the 
6th lumbosacral segment inclusive: the chromolysed cells were most numerous 
amounting there 110 per mm. the two sides together. 
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These chromolysing cells the lowest thoracic and six following 
lumbosacral segments give rise therefore exquisitely crossed ascend- 
ing tract which climbs the length the cord. The fibres cross the mid- 
line very close their origin. Thus after semisection the 10th thoracic 
there these cells the crossed half the 11th and 12th 
thoracic levels. 

few experiments the cat confirmed the existence analogous 
spinal cells that animal. 


Cat, 6.5.32.—Total spinal transection thoracic level (the cat has 


thoracic segments). Time allowed, days. 
Microscopical chromolysed cells the ventrolateral grey matter 
bordering the white columns the 3rd the 6th lumbar segments inclusive. These 


Fic. 


chromolyses reached their maximal frequency the 3rd and 4th lumbar segments, 
e.g. per mm. They would seem less numerous than the monkey, 


cf. Experiments and 12. 

These ventrolateral “border cells” they may called are always 
large, least have never chromolysis found any which were small. 
Some are very large, e.g. the plane the section and extending 
through five even six successive sections. sections the 4th 
lumbar segment some them may larger than any the root cells 
visible the section, although the root cells there belong large motor- 
fibres the limb. That the border cells are large accords with the 
trajectory their axones which extend right the cord; that none 
them are small suggests that all run long distance. call them 
“border because, although there are exceptions, they tend lie 
the fringe the grey matter bordering the ventrolateral white columns. 
The diagram, fig. illustrates from actual specimens the situation they 
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have the 4th lumbar segment after total transection T.9. The diagram 
composite from short consecutive series sections that 
segment. The border cells not infrequently occur twinwise set 
dorsoventral axis. More rare are triplet groups. not uncommon 
after semisection for microscopic section show couple pairs 
border cells fairly symmetrically set right and left, the chromolysed pair 
one side balanced similar-looking unchromolysed pair corres- 
ponding part the opposite half the cord. 

When acquainted with these features attempted obtain com- 
plementary picture the border ceils sectioning motor-roots for 
the root cells leaving the border cells intact. Fig. 


Fic. 


trates sample the result. The cells left over correspond situation 
with our border cells but evidently include others besides them. One 
set the well-known median group the ventral horn, general con- 
sent not allocated the root cells. The diagram from single section, 
and compared with fig. which composite from several consecutive 
sections shows that the border zone contains considerable excess cells 
over the border cells revealed chromolysis our observations. The 
picture obtained therefore not strict converse that the chromo- 
lysed border cells, gives evidence them, but contains also others 
addition. 

The more headward lesions gave opportunity for ascertaining whether 
there are any contributions this tract from segments lying further head- 
ward than the 12th thoracic. have found none. Thus after semi- 
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section the 3rd and 6th thoracic segments revealed chromolytic 
cells eight-day interval nor nine-day interval after semisection 
4th cervical level. There are the 6th and 7th cervical segments cells 
resembling appearance and position the border cells the lumbar 
enlargement, but they have neither the crossed nor uncrossed halves 
the cord shown any chromolysis nine and fourteen days after semisection 
the cervical cord further headward. 


the time-course the chromolysis the border cells the process 
obviously well developed seven days’ time. seems from our 
observations over and finished practically seven weeks’ time. Whether 
its disappearance means recovery the cells their death and disappear- 
ance seems difficult say. may that subsequent the 
they shrink and become indistinguishable among the many other small 
nerve cells the cord. Small nerve cells not usually exhibit chromo- 
lysis. The sequel the chromolysis Clarke’s column, which has always 
been seen our experiments, that the cell-column left almost wholly 
wanting the large cells typical the column. Our Experiment (above) 
showed that well, also Experiment (above). 


With the border cells our observations indicate that the end three 
weeks the less than the eleventh day. 


our total transection experiments possible complication attaches 
the estimates the numbers the border cells. some these 
animals degeneration certain the peripheral nerves the hind-limb 
had set (Cooper and Sherrington, 1932; Fulton and Keller, 1932; 
McCouch and Fulton, 1932) and the affected nerve fibres many were 
motor. was possible then that chromolysis some the actual 
motoneurones had occurred. so, these, being not distinguishable with 
certainty from the border cells, the number the chromolyses reported 
border cells might include chromolysis motoneurones. some 
our total transection experiments, however, e.g. Experiments and 
(above), there was peripheral degeneration, nor was 
there any the semisection experiments. 

The anatomical findings considered are follows: Experiment 
14, total transection 10th thoracic for twenty-seven days, shows heavy 
degeneration the great sciatic complex both left and right high 
the great trochanter there was hardly sound nerve fibre the peroneal 
and popliteal divisions the nerve, but the hamstring division hardly 
degenerated fibre. the anterior crural degeneration all. 
degeneration all the ventral roots the 3rd, 4th, 5th, 6th 
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and 7th lumbosacral nerves. These findings practically repeated them- 


selves Experiment 12. 
the monkey popliteal and peroneal nerves derive mainly from the 


7th and 6th lumbosacral segments, but the former these segments 


chromolysis was observed any experiment and the 6th segment 


the chromolyses were extremely few, e.g. per mm. against 190 per mm. 
the 4th segment. Whereas the anterior crural nerve, which never 
showed degeneration, derives largely from the 4th and 5th lumbosacral 
segments which the chromolysis was always heaviest. Besides 
case were the actual motor root fibres degenerated all, and the chromo- 
lytic effect destruction axone fibre known less the further 
the seat the destruction from the perikaryon, and these lower lumbo- 
sacral segments the root fibres are the monkey very long. Again the 
chromolyses observed were confined practically the border-zone the 
grey matter, whereas chromolyses due motoneurones would not have 
been. Again Experiment the chromolysis was heavy and there was 
nerve degeneration all. These facts seem decisive against the 
chromolyses enumerated our observations being other than those 
true border cells belonging the ascending spinal tract which 


question here. 


how the degeneration the limb-nerves these total transections comes 
about have decisive evidence. The healing the surgical wound was 
all cases aseptic, rapid and uneventful. animals’ general condition remained 
good they fed well and were not febrile. They did not develop bedsores. But 
all there was flaccid paralysis and wasting the limb-muscles below the knee. 
autopsy, and the microscope, the spinal lesion proved cleanly healed, and 
there was spinal softening. said, the spinal roots themselves were never 
touched the degeneration. Its origin lay therefore somewhere distal them. Its 
incidence was sometimes almost purely unilateral, one limb showing hardly trace, 
while the fellow limb’s popliteal nerve might almost destroyed. affected sensory 
and motor fibres without preference. could well developed the twelfth day 
after transection. did not find extend proximal the great trochanter. Its 
seat predilection seemed the popliteal nerve. possibility that was 
occasioned mechanical pressure during postures which the insentient and 
paralytic limbs were submitted the animal its cage, although the cages were 
roomy. 

observations spinal shock the monkey, namely, that depres- 
sion function which follows aborally the severance the cord, 
caution necessary lest there confused with the true central spinal 
depression, the irresponsiveness stimulation and want reaction due 
the degeneration peripheral nerves the limb, both motor and sensory, 
which liable supervene. Even absence peripheral nerve degenera- 


tion there can ensue considerable wasting the limb-muscles and 
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considerable impairment the twitch and tetanic-power the hind-limb 
muscles (J. Fulton and Sherrington, 1932). Thus Experiment 
(above), thirty-eight days after semisection the 10th thoracic, the maxi- 
mal twitch and tetanus tibialis anticus muscle obtained isometrically 
(torsion myograph recording optically) gave tensions respectively 
per cent. (920 gr.) and per cent. (2,170 gr.) the sound (crossed) side, 
1,200 gr. and 4,000 gr. Monkey-muscle weight for weight considerably 
more powerful than either human muscle cat’s muscle. 


cervical 
(or thoracic) 
semi-section 
chromolysis headward 
fibre-tract 
crossed side 
ventro-la 
border-cells 
~ 
lumbo- 
socral 


wn 
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This crossed ascending spinal tract (fig. from the lumbosacral region 
belongs evidently the system originally described Gowers and known 
Gower’s tract. The topography the cells origin tract 
has remained somewhat obscure. Van Gehuchten (1908) who looked for 
the cells, the rabbit, mentioned his last edition that they were not 
exactly known. Bing’s Compendium says that from the work 
Loewenthal and Mott, they are the ventral and central 
grey matter. Coghill’s plans the neurone-complex the kitten’s spinal 
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cord show ascending fibres from cells the lateral border the crossed 
ventral grey matter. With these last our border cells the lumbosacral 
region and their axone fibres would tally. 

the longitudinal extent the distribution these cells the 
cord little mention made the literature, beyond that Mott (1895) for 
the monkey and later Risien Russell (1898) for man showed that some 
the fibres Gower’s tract have origin from segments lower than the 
lowest level Clarke’s column. Our observations indicate that (monkey) 
they are confined some eight consecutive segments the cord and 
extend some three segments lower than does Clarke’s column. 


INCIDENTAL OBSERVATIONS. 


(1) Clarke’s column column, aboral the lesion, has 
always been chromolysed. The column does not these monkeys extend 
behind the 3rd lumbar segment. Our semisections find its cells very 
large majority uncrossed, though not entirely so. the cervical region 
there reappearance the column the brachial enlargement. There 
our headward semilesions caused chromolysis its cells the 6th and 
7th segments. The chromolysis was the uncrossed side 
amounted cells per mm. the 6th segment and per 
mm. the 7th segment. But there was the cervical region 
chromolysis border cells. 

(2) Magnocellularis nucleus ruber—Following the semisections 
the 4th and Sth cervical levels there was very heavy chromolysis 
small compact group large cells ventrolateral the most ventral part 
the oculomotor nucleus, the crossed side the cervical semisection. 
This magnocellularis part the red nucleus. Here our observations 
agree with Stern (1938). the uncrossed side chromolysis was 
detected the corresponding cell group. 

(3) Deiters’s nucleus the uncrossed side was practi- 
cally entirely chromolysed consequently the semisections the cervical 
region (Experiments and 6). Only few the characteristically huge 
cells remained sound. the corresponding nucleus the crossed side 
chromolysis all was found. 

(4) Reticular formation the bulb and pons.—Consequent the 
unilateral cervical lesions certain number the giant cells the 
reticular formation were obviously chromolytic. These were more 
numerous the crossed side, where they lay close the raphe. 
the uncrossed side group them lay dorsal the medial part 
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the inferior olive further headward some lay not far from the raphe, and 
some more lateral, dorsal the fillet. They were traceable high 
locus and nucleus masticatorius. 

(5) Headward from semisection the 4th cervical segment the 
cervical segment contained some cells, uncrossed and crossed. 
The uncrossed lay all them deeply the ventral grey horn about mid- 
way between its median and lateral borders. The crossed were all the 
part the crossed ventral horn lying nearest the median white column; 
they were almost restricted little region the median base the 
ventral grey horn abutting the ventral white commissure the bottom 
the ventral fissure. This would make the median group the ventral 
horn, least the deeper lying part the group, crossed descending cells 
the cervical region the monkey, which partly confirmatory 
Kohnstamm’s observations (1900) the rabbit. 


methods cord-section giving rise chromolytic cell-changes 
shown that 

(1) Certain large cells the ventrolateral fringe the spinal grey 
matter the 12th thoracic and next succeeding six lumbosacral segments 
(monkey, cat) give axone fibres which, crossing the mid-line the level 
origin, ascend the lateroventral white column the opposite side and 
reach the top the cord. These cells are most numerous the 4th and 
5th lumbar segments from their maximum there their number declines 
somewhat steeply the oral direction ceasing the thoracic 
segment. Their number declines still more steeply the aboral direction, 
none being found the 7th segment. The cells are all large, 
and some are very large; microscopic features they are not clearly 
distinguishable from the motoneurones the ventral horn. the other 
hand they are quite unlike the cells Clarke’s column. Characteristic 
their topography that they occur preponderantly the grey matter 
bordering the white column. Hence they can referred conveniently 
did not detect analogous cells other 
regions the cord. 

(2) Clarke’s column these monkeys extended aborally but not 
beyond the 3rd lumbar segment (Mott, 1895). Although very largely 
uncrossed, did not appear entirely so. 

(3) the 2nd cervical level large cells the median part the ventral 
horn give axone fibres which cross the mid-line descend the opposite 
half the cervical cord. 
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(4) The ventrolateral white column the 5th cervical level contains 
fibres which have descended from the uncrossed Deiters’s nucleus, from 
the crossed large cell part the red nucleus, and from large cells the 
pontine and bulbar reticular formation both uncrossed and crossed. 
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EXPERIMENTAL STUDY THE ROLE NEURONES 
THE DISSEMINATION POLIOMYELITIS VIRUS THE 
NERVOUS 


DAVID BODIAN AND HOWARD HOWE. 
(Department Anatomy, Johns Hopkins University.) 


commonplace that understanding virus-host reaction must 
depend much upon knowledge the physiological mechanisms 
the host upon the determination the nature and behaviour the 
virus. The remarkable selectivity the filtrable viruses not only for 
specific hosts but also for certain tissues the host has furthermore 
attested the existence delicate balance between the requirements 
for survival, growth, and propagation the virus and the capacities 
the host satisfy these requirements. the case the neurotropic 
virus poliomyelitis, the problem investigation the virus-host 
reaction once narrowed scope the apparent selective affinity 
the virus for nervous tissues, and the same time rendered more perplex- 
ing the complexity the tissue affected and the fact that both 
the so-called mesodermal-glial components and the neuronal components 
take part the reaction virus invasion. 

has seemed increasingly clear since the work Fairbrother and 
Hurst (1930) that the earlier studies the pathology poliomyelitis, 
with their primary emphasis the general histological, distinct from 
neurological, aspects the pathology this disease must supple- 
mented studies which take into account the peculiarities organiza- 
tion the nervous system terms neuronal systems. The work 
Fairbrother and Hurst (1930), Hurst (1930), Pette (1930), Pette, Demme, 
and (1932), Spielmeyer (1932), and (1933), has demon- 
strated the value this point view, although leaving many problems 
unsettled. These problems, involving especially the portals entry and the 
factors influencing determining the growth and dissemination the 
virus the nervous system, can approached methods experi- 
mental neurology and experimental neuropathology which have not 
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yet been fully exploited. the purpose this paper report some 
the results obtained with these methods. 

the present time considerable evidence available regarding some 
the possible portals entry the virus poliomyelitis the experi- 
mental animal (monkey) but there has been hitherto clear-cut evidence 
regarding the mode entrance and dissemination the virus the 
central nervous system man. There now general belief, supported 
considerable evidence, that the principal role the dissemination 
the virus played neuronal pathways rather than humoral ones, 
and that within the central nervous system there occurs progression 
the virus from the point entry certain susceptible regions, especially 
the motor centres the hind-brain and spinal cord, where the most serious 
effects the virus-host reaction become apparent. Little known yet 
concerning the factors determining the transmission and localization 
the virus the nervous system, although studies some the possible 
neuronal pathways involved have been made Fairbrother and Hurst 
(1930), Faber (1933), and others. Evidence that the nerve cell itself 
rather than any other component nervous tissues necessary for virus 
growth and propagation further narrows the problem determining the 
basis the virus-host reaction poliomyelitis, and has suggested experi- 
mental approaches the problem the nature the virus substrate, 
and whether the localization and availability this substrate plays 
role determining the remarkable selectivity the virus polio- 
myelitis not only for nervous tissues but for specific nerve cells (Bodian 
and Howe, 1939 Howe and Bodian, 1939). 

The present report deals with some the results detailed experi- 
mental analysis the specifically neuronal factors involved the process 
entry, growth, and dissemination the virus the nervous system. 
This analysis has been made from study the progressive spread and 
distribution lesions produced, and from the point 
view. 

PLAN INVESTIGATION. 

That the relation between the severity the histopathological changes 
and the concentration virus not strictly proportional one has been 
noted Fairbrother and Hurst (1930), Schultz and Gebhardt (1939), and 
others, and indeed clearly apparent our material. Nevertheless, there 
usually sufficiently close correspondence between the distribution 
lesions the nervous system and the distribution virus 1913, 
102) permit reasonably accurate analysis the paths dissemina- 
tion the latter, means histological studies. Fairbrother and Hurst 
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I.—List MONKEYS STUDIED HISTOLOGICALLY. 


(All animals, unless otherwise noted, inoculated with strain all killed acute stage 
poliomyelitis all showed typical pathological changes olfactory bulbs brain, which 
were sectioned serially.) 


Site Stage disease Operative procedures, previous No, 
inoculation when sacrificed inoculation cases 
Intranasal Preparalytic None, 
Unilateral olf. tract section 
Bilateral olf. tract section 
Paralytic None 
Unilateral olf. tract section 
Both leg regions Area re- 
moved It. olf. tract section 
Intracerebral— 
Area Preparalytic None 
Paralytic None 
Inoculation rt. leg region 
tion rt. pyramid 
Inoculation rt. leg region; 
corpus callosum sectioned 
Inoculation rt. leg region; re- 
moval rt. Area and arm 
region rt. Area corpus 
callosum sectioned 
Inoculation rt. leg 
ipsilateral hemisection 
cord 
Area Paralytic None 
Ipsilateral Area removed 
Area Paralytic None 
Preparalytic None 
Area Paralytic None 
Area Paralytic None 
Intra-ocular Preparalytic None 
Paralytic* None 
Paralytic None 
Paralytic Ipsilateral section optic nerve 
preceding inoculation 
Intrasciatic Preparalytic None 
Paralytic None 
lumbar spinal before inoculation 
cord 
None 
None 


*Ptosis only. 
strain (Trask and Paul, 1936). 
{Du Bois strain (Howe and Bodian, 1940a). 
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fact have regarded histological examination superior some in- 
stances subinoculation tests for detecting the presence virus, especially 
regions, such the cerebral cortex, which are highly resistant the 
virus. Especially the preparalytic stage, following the onset fever, 
the absence lesions any particular centre, although not strictly exclu- 
sive the presence virus, may safely assumed correlated either 
with very low concentration with the absence virus. 

The material examined the present time consists chiefly some 
sixty brains rhesus monkeys killed preparalytic and acute paralytic 
stages poliomyelitis, induced introduction the Rockefeller 
strain virus into the nostrils, cerebral cortex, vitreous chamber the 
eye, spinal cord, sciatic nerve. Three cases inoculated intracutaneously 
with second strain, and one case 
with third strain, are also described (Table I). Specimens infected 
with other strains were also examined for comparison but will described 
later paper. The brains were prepared under optimal conditions for 
histological study chiefly the gallocyanin method Einarson (1932) 
which satisfactorily demonstrates nerve cells, neuroglia, and inflammatory 
cells. Thick celloidin sections (60 were found most favourable for 
detecting infiltrative foci. Thinner sections were also examined 
certain cases. some cases various experimental procedures, such 
section the olfactory tracts, the corpus callosum, the bulbar pyramids, 
the spinal cord, were carried out order modify possible the mode 
dissemination the virus. many instances serial microscopic sec- 
tions the olfactory bulbs, sympathetic ganglia, and other peripheral 
nervous structures were available for study, addition the routine 
serial sections brain and spinal cord. Young rhesus monkeys, ranging 
size from and good physical condition were used for all 
experiments, and, unless otherwise stated, were killed intravascular 
perfusion with per cent. formol, with without per cent. acetic acid. 

Because the volume material available, detailed description 
which would unduly lengthen this account, brief protocols only certain 
typical cases will presented. general, the pathological picture 
each type case sufficiently constant that significant variations from 
the usual picture are infrequent. Such variations will discussed the 
summaries the typical protocols. will clear from study the 
protocols that the elementary pattern progression the virus along 
neuronal pathways seen most clearly the preparalytic period the 
disease, before the virus has had time spread from the primary prefer- 
ential pathways secondarily invaded centres. late paralytic stages 
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the acute illness, the spread the pathological process the brain 
beyond certain point appears halted several factors, among 
which are probably the relatively low susceptibility certain centres, 
and the relative inaccessibility certain centres virus because spar- 
sity neuronal connections with centres containing high concentrations 
virus. Thus possible speak definitive stage spread the 
pathological process. the selection typical protocols attempt has 
been made present early stage spread and more less definitive 
stage spread, the above sense, each type experiment. Since the 
basic patterns distribution lesions are evident even the preparalytic 
stage following intranasal intracortical inoculations, fuller description 
given these cases, and they are subsequently used for comparisons 
describing the distribution lesions after inoculation other portals. 
Detailed protocols some the latter cases are therefore omitted for 
the sake brevity. 

The microscopic lesions experimental poliomyelitis have been suffi- 
ciently well described their cytological details Hurst (1929), Pette 
(1930), Warburg (1931), and Tupa (1934), that attempt will made 
this report other than mention the general nature these lesions 
seen various parts the nervous system. Since pial infiltrations 
appear response processes occurring within the underlying 
nervous tissues (Hurst, 1929), rather than indication spread virus 
way the cerebrospinal fluid, and since their localization cases 


poliomyelitis following inoculation various portals has 


been thoroughly described Pette, Demme, and (1932), such 
pial changes will not further mentioned the following protocols. 


Instillation. 


Preparalytic stage. 


No. 924. Clinical summary.—A per cent. cord suspension containing the 
virus strain was instilled intranasally January 24, 1939, and the following 
day, c.c. being used each nostril. January the rectal temperature rose 
January had reached January 30, three days after the onset 
fever, the animal was killed while under ether anzsthesia intravascular 
perfusion with per cent. formalin. the time sacrificed the animal showed 
temperature 104-8° and certain degree lethargy, but other signs 
poliomyelitis. 

Heavy perivascular and focal cellular 
infiltrations are present the gyrus subcallosus, the tuberculum olfactorium, the 
preoptic area, and the amygdaloid nuclei. Hypothalamus: Similar infiltrations are 
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scattered throughout the hypothalamic grey both sides, with the exception 
the mammillary nuclei, and extending into the supramammillary and tegmental 
grey. Thalamus: Perivascular and focal inflammatory infiltrations are present only 
the mid-line grey and, lesser degree, the left nucleus medialis dorsalis 
thalami. Subthalamus and mid-brain: Infiltrations are present bilaterally the 
zona incerta, field Forel, substantia nigra, nucleus ruber, and, even greater 
extent, the mid-brain tegmentum, including the dorsal tegmental nucleus and 
the region the median raphe. Perivascular cuffing and focal 
infiltrations, especially heavy the raphe region and the lateral reticular nucleus, 
are present the reticular formation far caudalward the vagal nuclei, below 
which there are histological signs virus invasion medulla oblongata 
spinal cord. Light infiltrations are present the central grey the region 


the vagal nuclei. 


this case there present, preceding paralytic symptoms, 
marked evidence virus invasion from the olfactory centres down 
the level the vagal nuclei, with apparent involvement cranial 
nerve nuclei, cerebellum, cerebral cortex, spinal cord. There appears 
tendency for signs virus invasion remain fairly well localized 
certain neuronal systems connecting the primary olfactory centres with 
the more caudally lying hypothalamic nuclei, mid-brain tegmentum, and 
reticular formation the hind-brain. The histopathological stigmata 
virus passage are predominantly present the grey centres, which may 
considered being intercalated along the course the fibre systems, 
and which appear vary considerably their susceptibility virus in- 
vasion and growth. Certain grey centres which are not the primary 
preferential pathway from olfactory centres spinal cord, but neuronal 
side-chains, may susceptible virus invasion well, and, this 
case, may invaded early the preparalytic period. preparalytic 
cases such centres are: (1) The amygdaloid nuclei, which are probably 
invaded directly way the olfactory tracts, but from which the virus 
does not seem invade other important centres (2) the parolfactory and 
septal areas, and the pyriform cortex (3) the mid-line nuclei the dorsal 
thalamus and the nucleus medialis dorsalis thalami, probably invaded 
from the hypothalamus way the periventricular system fibres 


(fig. 1). 


other preparalytic cases, following intranasal instillation virus, 


lesions may also seen the globus pallidus, the basal 


nuclei, and various susceptible centres the hind-brain small 


extent. The olfactory bulbs always contain typical lesions these cases.. 


Late paralytic stage. 


No. 776. Clinical was performed the previous case, 


May and 1938. The rectal temperature rose abruptly 106° May 
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and slowly receded 104-6° the day initial paralysis, May 11. 
killed May 12, the animal was prostrate; both arms were completely paralysed, 
was the trunk and abdominal musculature far could determined, and 
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Histopathological findings.—Fore-brain: Scattered small inflammatory infiltrations 
are present the cerebral cortex the frontal poles (Areas and 6), increasing 
number and size caudalward Area the cortex Area the infiltrations 
are heavy and numerous, both perivascular and focal, and addition there 
considerable neuronophagia the layers containing large pyramids. Scattered 
infiltrative foci and vascular cuffing are found also the gyri recti, gyri subcallosi, 
tubercula olfactoria, preoptic areas and Considerable cuffing and infil- 
tration are seen the globus pallidus both sides. Hypothalamus: Cuffing and 
infiltrations are most numerous the lateral hypothalamic areas, although lesions 
are also present the medial nuclear groups and especially the filiform (para- 
ventricular) nuclei. lesions are seen the mammillary bodies. Thalamus: 
Cuffing and infiltrative foci are present the mid-line nuclei, especially the nucleus 
reuniens and nucleus centralis, and are also prominent the ventrolateral nuclear 
groups. Caudally, and continuous with infiltrations the mid-brain, are infiltrative 
foci surrounding the habenulo-peduncular tracts and the centre median nuclei, 
and pretectal areas. Subthalamus and mid-brain: Cuffing and infiltrations are 
seen the zonz substantia nigra, nuclei ruber, mid-brain tegmentum and 
tectum, central grey, and oculomotor nuclei. Neuronal destruction and neuro- 
nophagia are present only the oculomotor nuclei. Hind-brain: Cuffing and 
infiltrations are scattered throughout the reticular formation and central grey and 
extend into the grey the spinal cord. Cellular infiltrations and neuronophagia 
are found addition the nuclei the loci caerulei, the abducens nuclei, the 
vestibular nuclei, the nuclei the spinal tracts the nuclei the posterior 
funiculi, the hypoglossal nuclei, and the basal nuclei the cerebellum. Spinal 
cord: The grey the spinal cord shows the typical lesions paralytic poliomyelitis 
—namely, nerve-cell destruction, neuronophagia, leucocytic infiltration, glial pro- 


liferation, and vascular cuffing. 

Summary.—The general pattern distribution lesions, seen after 
intranasal inoculations and described the previous case, occurs 
this animal. The involvement centres other than those the principal 
basal olfactory pathway extensive but not too diffuse obscure the main 
pattern. addition the lesions along the basal olfactory pathways and 
from them secondary centres, lesions are found distributed 
centres associated with the second important pathway virus dissem- 
the brain—namely, the pathway from motor cortex lower 
centres. this case, virus appears have extended retrograde 
manner along this pathway reach the motor cortex, and has spread 
lesser extent the cortex immediately adjacent the motor cortex, 
the ventrolateral nucleus the thalamus and the globus pallidus (see 
fig. 1). The spread the motor cortex not from the thalamus, since 
some cases the motor cortex may involved without apparent involve- 
ment the corresponding projection centres the thalamus. This 
also true for the globus pallidus, which, however, occasionally shows 
slight involvement the absence cortical lesions earlier intranasal 
cases. Apparently, then, the most likely routes spread the motor 
cortex, the intranasal cases, are those from the subthalamus, tegmen- 
tum, reticular formation, spinal cord. 
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Section one olfactory tract. 


No. 898. Clinical December 14, 1938, the left olfactory tract 
was divided means transorbital approach previously described (Howe and 
Ecke, The animal was inoculated intranasally with virus 
December and 30. febrile reaction occurred December (105-8° F.), and 
the animal was sacrificed the following day before any other prodromata .of 
poliomyelitis had become manifest. 

Histopathological bulbs: The right olfactory bulb contains 
practically intact mitral cells and the site extensive focal and perivascular 
infiltrations. The left olfactory bulb shows slight vascular cuffing the peri- 
giomerular zone, but other signs virus invasion. The resistance the 
isolated bulb virus has been discussed earlier report (Howe and Bodian, 
1940). Other findings: Focal and perivascular infiltrations were present 
tuberculum olfactorium and lateral preoptic area the right side only, and 
other parts the brain spinal cord (fig. 2). 


Summary.—This case considerable interest because represents 
one the earliest stages virus invasion our series. clear that 
this preparalytic stage signs virus invasion are present only 
primary olfactory centres associated with the heavily invaded right 
olfactory bulb, and are strictly localized the right side. The absence 
lesions below the preoptic region illustrates the mode progression 
the virus down the basal olfactory pathway, whereas the absence lesions 
the left side, will also clear from the next case, indicates the neces- 
sity intact olfactory tract for spread virus from the nose the 
brain. 


No. 637. Clinical summary.—The left olfactory tract was divided Septem- 
ber 30, 1937, the transorbital approach, and the animal inoculated intranasally 
with virus October and febrile reaction began October reach- 
ing 108° October when the animal was sacrificed. other prodromata 
poliomyelitis and paralyses were present the time death. 

Histopathological distribution lesions this case may 
briefly stated being entirely comparable with that Case 924, other late 
preparalytic cases following intranasal inoculation, with the important exception 
that great predominance lesions present the right side the fore-brain 
and diencephalon (fig. 3). the fields Forel and the rostral part the mid- 
brain tegmentum preponderance lesions appears occur the opposite (left) 
side. Below the mid-brain level there evidence differences quantity and 
distribution lesions the two sides. 


Summary.—This case, typical cases with unilateral section the 
olfactory tract, similar unoperated intranasal cases, except that 
predominance lesions occurs the unoperated side far back the 
mid-brain region. the rostral part the tegmentum the mid-brain, 
the predominance appears shift the opposite side, the impression 
also obtained from other cases. This suggests possible decussation 
the pathways taken the virus this region. The unilateral localization 
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the secondary olfactory centres and the hypothalamus very 
striking (fig. 3), but caudal the mid-brain there evidence such 
distribution, suggesting that free virus from one side the 
other occurs the brain-stem caudal the hypothalamus. 


Section both olfactory tracts. 


Nos. 910, 911, 524, 629, 633, and 645.—These six animals were inocu- 
lated intranasally after section both olfactory tracts. All responded 
with typical febrile reaction, but failed develop clinical poliomyelitis 
before being sacrificed one twenty weeks later. Histological examina- 
tion the olfactory bulbs showed definite evidence virus invasion all 
(Howe and Ecke, 1937a). Examination serial sections the brains 
revealed evidence virus invasion anywhere the brains, spinal cords, 
meninges. 

These cases further illustrate the necessity intact olfactory tracts 
for spread virus from the olfactory portal and olfactory bulbs the 
brain, even when infection present the olfactory bulbs. The complete 
absence lesions histological sections these brains confirms the 
earlier findings absence clinical polioencephalitis and poliomyelitis 
such cases (Brodie and Elvidge, 1934; Schultz and Gebhardt, 
Howe and Ecke, 1937a). 


Inoculation Cortex). 


Preparalytic stage. 


No. 895. Clinical summary.—Inoculation 0-25 c.c. per cent. suspension 
virus into the leg region Area the right cerebral cortex was performed 
December 13, 1938. febrile reaction occurred December 16, and the animal 
was killed the following day, before any other prodromata paralysis had taken 

lace. 
Histopathological cortex: The virus-containing inoculum was 
found placed noted above, and was the form small cyst, surrounded 
intense cellular infiltration, largely lymphocytic, and numerous cuffed vessels. 
Focal lymphocytic infiltrations and neuronophagia were present the cortex only 
the leg region Area both sides, except for one lesion which was seen 
the leg region the left post-central gyrus. Lesions were most numerous the 
side opposite the inoculation and neuronophagia involved chiefly the cells Betz, 
but also many neighbouring large pyramidal cells. Dorsal thalamus: Numerous 
focal infiltrations were present, but almost exclusively confined the lateral parts 
the nucleus ventralis posterolateralis both sides. One focus was seen the 
left nucleus centralis lateralis. important note that the localization lesions 
the ventrolateral thalamic nuclei confined those regions recently shown 
Walker (1938) the projection centres the leg regions the central gyri, 
which this case are the exclusive centres virus reaction the cortex. Hypo- 
thalamus: lesions were found the hypothalamus. Mid-brain and hind-brain: 
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few scattered focal infiltrations were found the central grey, near the mid-line, 
and the tegmentum. Vascular cuffing was seen the right vestibular nucleus, 
both dentate nuclei, and the right roof nuclei the cerebellum, which also 
showed heavy infiltrations. other brain centres showed evidences virus 
invasion, nor were any found the spinal cord spinal ganglia. 


Summary.—This case interest because although represents very 
early preparalytic stage, definitely localized signs virus invasion the 
brain are present. The routes spread the virus from the point 
inoculation may tentatively reconstructed follows: The virus has 
invaded the homologous region the opposite cerebral cortex, and from 
both leg regions the motor cortex has invaded the leg projection centres 
the dorsal thalamus—clearly localized neuronal spread along estab- 
lished pathways. There evidence spread from the ventrolateral 
thalamic nucleus the left the left nucleus centralis lateralis, centre 
concerned with intrathalamic associations. The primary olfactory path- 
way, including that the hypothalamus, not yet invaded, but the 
hind-brain there evidence invasion the tegmentum, and the 
central grey. Apparently from the latter region invasion the vesti- 
bular nucleus and, secondarily, the basal cerebellar nuclei, has occurred, 
before invasion even the more direct pathways the spinal cord. 
other preparalytic cases, well paralytic cases (see the following) 
apparent that the principal spread the spinal cord way the 
tegmentum and the reticular formation, which are usually more exten- 
sively involved than the above described case. 


Paralytic stage. 


No, 533. Clinical c.c. per cent. virus suspension was 
inoculated into the leg region Area the right cerebral cortex November 13, 
1936 The febrile reaction occurred November 20, followed head tremors 
and paralysis left leg and left arm succession the following day. 
November 22, the animal was prostrate, with complete paralysis the left leg 
and severe paralysis the right leg and both arms. There were other paralyses. 
The animal was sacrificed this stage, and perfused with alcohol. 

Histopathological cortex: The virus inoculum placed 
noted above, and surrounded intense infiltrations and vascular cuffing. There 
also extensive focal cellular infiltrations throughout both central gyri, and less 
the postcentral gyri. The heaviest involvement found the left Area The 
remainder the cortex free lesions. Dorsal thalamus: Focal and perivascular 
infiltrations are present the ventrolateral nuclei, especially the right side, 
both nuclei centrales laterales, the mid-line grey, and less the medial nuclei 
both sides and the parafascicular nuclei. Hypothalamus: Considerable infil- 
tration and cuffing present the lateral hypothalamic areas, and also scattered 
throughout the medial nuclear masses the hypothalamus with the exception 
the mammillary bodies. Preoptic areas: Perivascular and focal infiltrations are pre- 
sent far rostrally the tuberculum olfactorium. Basal ganglia: Considerable 
focal infiltrations are present the right globus pallidus, and less the left globus 
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pallidus. The other centres the basal ganglia are free lesions, except for the 
right substantia innominata which contains numerous focal infiltrations. 
thalamus: Infiltrations and cuffing are present the zona incerta, field Forel, 
and substantia nigra both sides. Mid-brain: Heavy infiltrations are bilaterally 
present the nucleus ruber, the tegmentum, the central grey, the superior 
and inferior colliculi, and the oculomotor nucleus. Hind-brain: Heavy infiltra- 
tions are present throughout the reticular formation, especially near the raphe. 
the pontine grey, the basal cerebellar nuclei, and some extent most the 
nuclei the cranial nerves. Spinal cord: The spinal cord shows the intense involve- 
ment characteristic paralytic poliomyelitis. 


Summary.—The distribution lesions this late paralytic case 
represents almost the maximal cerebral involvement after intracortical 
inoculation. Yet such definitive stage pathological involvement 
possible discern tendency for the effects virus invasion 
localized not only along the pathway from motor cortex lower centres 
but also along the pathway taken the virus after intranasal inoculation 
(see protocols Part and fig. 1). The latter pathway, can seen 
this and the previous case, appears invaded rostral 
direction from subcortical centres the mid-brain tegmentum, sub- 
thalamus, and possibly also from the globus pallidus. these centres 
that the pathways taken the virus after intranasal and intracortical 
inoculations converge (fig. 1). Caudal the mid-brain tegmentum one 
can discern difference the distribution lesions after inoculation 
either portal, fact any other portal, and greater variability 
this distribution the hind-brain apparent than ever seen the fore- 
brain, perhaps because the close proximity many different 
neuronal systems the hind-brain. 


Intracortical Inoculations. 


One the most striking examples differential susceptibility 
nervous tissues the poliomyelitis virus made manifest study 
the distribution lesions the cerebral cortex after inoculation into 
various cortical areas. now well known that human cases, well 
monkeys inoculated into non-cortical parts the nervous system 
(intranasal, intraneural, &c.), lesions the paralytic stage are found the 
so-called motor” cortex around the central sulcus, predominantly 
Area Brodmann, lesser extent Area and occasionally Areas 
and (Harbitz and Scheel, 1907 Hurst, Pette, 1930 Spiel- 
meyer, Peters, 1938). Rarely are lesions seen other parts the 
cerebral cortex, and, our experience monkeys, almost never behind 
the post-central gyrus. When inoculations are made directly into various 
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parts the cortex, the differential susceptibility the motor cortex and 
relative immunity other parts the cortex are seen due not only 
possibly more direct and more numerous connections the motor 
cortex with lower centres, but also inherently greater susceptibility 
this region. 

evident from study the last two cases described, inoculation 
virus directly into the motor cortex results final pattern distri- 
bution lesions not unlike that seen after intranasal inoculations. The 
principal differences are: (1) absence lesions the olfactory bulbs 
after Area inoculations, with fewer lesions the olfactory centres and 
(2) more specifically localized involvement centres the optic thala- 
mus corresponding the region cortex inoculated. When inoculations 
are made into other parts the cortex, characteristic and interesting differ- 
ences the distribution lesions are produced. Such cases may con- 
veniently divided into two groups, the first including intracortical inocu- 
lations behind the motor cortex, and the second those rostral Area 
cases are available with inoculation site the temporal lobe. 

After inoculation into the cortex the parietal occipital lobes, the 
distribution lesions, except for the immediate vicinity the inoculum, 
identical with that seen after inoculations into the motor cortex the 
same side. interesting and suggestive finding that the opposite 
parietal occipital lobe shows evidence virus invasion, although 
the motor cortex involved both sides typical Area inocula- 
tion. This suggests that the spread virus after inoculation into the 
parietal occipital regions forward the motor cortex, from which 
region the virus disseminated Area inoculation. Following 
inoculation into the visual projection cortex the occipital lobe (Area 17) 
there evidence unusually heavy involvement the optic tectum, 
and lesions are ever found the lateral geniculate body. further 
indication that the cortex the occipital and parietal lobes unfavour- 
able for growth the virus seen the fact that when inoculation 
made directly into these regions, lesions are seen only the immediate 
vicinity the inoculum, usually farther than mm., and the motor 
cortex. lesions are seen between the vicinity the inoculum and the 
motor cortex. This suggests that concentration virus sufficiently 
high produce lesions the refractory parietal occipital cortex 
attained only adjacent the highly concentrated inoculum, whereas the 
concentrations virus which may reach the cortex after spread along 
neuronal pathways adequate produce lesions the motor cortex, but 
not the parietal occipital cortex. 
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IV.—Pre-Rolandic Cortical Inoculations. 

When the inoculation site rostral Area one two histopatho- 
logical pictures may result. After inoculation into Area the picture may 
almost identical with that seen after Area inoculations. Usually 
there less specificity the involvement the projection areas the 
ventrolateral thalamic nuclei, and tendency for much greater involve- 
ment the pontine nuclei and cortex the cerebellum than seen 
Area cases. After inoculation into the cortex rostral Area quite 
striking variation from the usual pathological picture occurs. The result- 
ing distribution lesions best described that which one would 
expect after simultaneous inoculation intranasally and into the motor 
cortex, with additional lesions centres connected with the frontal pole 
and rarely involved after inoculation into other portals. Among these 
centres are the insula, the claustrum, the septal nuclei, and the nucleus 
medialis dorsalis the thalamus (all which have connections with the 
cortex the frontal pole), and one case, the putamen and caudate 
nucleus the side inoculation into Area The cerebellar depen- 
dencies, including the inferior olives and pontine grey, well the 
cerebellar cortex and deep cerebellar nuclei, are also more often and more 
severely involved than any other our cases. interest that 
Mettler (1935) has recently described connections the inferior olive 
from the frontal cortex, and from other part the cerebral cortex. 
addition the distribution lesions both the primary olfactory 
and primary cortical pathways lower centres, the degree involvement 
both numbers and severity lesions far greater than seen after 
inoculation other portals. This immediately suggests that virus inocu- 
lated into the cortex rostral the motor cortex may spread into both 
the primary pathways virus dissemination the brain, and very early. 
The septal nuclei, gyrus subcallosus, and preoptic regions are invaded 
directly from the frontal pole, partly way the external and extreme 
capsules, and turn contribute virus the descending pathways from 
these centres. The motor cortex also invaded after frontal pole inocu- 
lation and from the former the virus disseminated directly lower 
centres (fig. lines). The severity the involvement, especially 


centres below the level which these two primary pathways become 


confluent (subthalamus and mid-brain tegmentum) suggests that there 
accelerating effect due possibly the doubling building 
concentration the virus virtue this confluent spread early 
stage the disease, level greater than that found when only one 
the primary pathways initially involved. 
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V.—Intraocular Inoculations. 


studying the characteristics dissemination poliomyelitis virus, 
soon became evident that preparalytic stages especially, the distribu- 
tion lesions was more less characteristic each portal entry used. 
The intraocular route was considerable interest this respect because 
the retina, although peripheral and readily approachable structure, 
reality differentiated portion the central nervous system, and trans- 
mission along the optic nerve—actua'ly fibre tract the central nervous 
system—might more easily studied experimentally than transmission 
along intracerebral routes. Twelve monkeys were successfully infected 
with poliomyelitis virus inoculation c.c cord suspension into 
the vitreous body the eye. febrile reaction and paralytic symptoms 
developed after incubation period about one week. most cases 
ptosis one both eyelids was the first paralytic sign (see also Burnet, 
Jackson, and Robertson, 1939), usually followed severe head tremor and 
neck paralysis. Pupillary changes were noted six cases, four which 
showed contracted, fixed pupil the side inoculation. The brains 
six the twelve animals were sectioned and studied, and addition 
sections the cranial autonomic ganglia, the and the 
Gasserian ganglia were available these cases. 

The bulk the cerebral lesions, and the most severe ones, after intra- 
ocular inoculation are seen the mid-brain, involving the superior 
colliculi, the central grey and especially the oculomotor nuclei and the 
tegmentum (fig. see also Burnet, Jackson, and Robertson, 1939). This 
true preparalytic and paralytic cases. preparalytic cases the lesions 
appear radiate rostrally from the mid-brain tegmentum into the hypo- 
thalamus far the preoptic area, and caudally into the reticular 
formation the hind-brain. later paralytic cases the rostral spread 
the virus marked lesions extending far the tuberculum 
olfactorium, but lesions are never seen the olfactory bulbs. Caudally 
lesions are found extensively the hind-brain, involving nuclei 
cranial nerves and the basal cerebellar nuclei, and the spinal cord. 
these paralytic cases virus apparently spreads forward from the mid-brain 
tegmentum into the primary pathway from the motor cortex, for lesions 
are found the latter. Thus appears that with the mid-brain 
focal point initial invasion the virus, the virus extends along the two 
preferential pathways described cases intranasal 
inoculation, that finally the terminal picture lesion distribution 
similar that seen after inoculation the latter routes. Even terminal 
stages, however, the predominance lesions the mid-brain character- 
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istic and marks this region the point entry the virus into the 
central nervous system. 

Furthermore, the quantitative distribution lesions the hind-brain 
such indicate more less distinctive pathological picture corres 
ponding the outstanding clinical features this type case, namely 
ptosis, severe head tremor, and neck paralysis. The head tremor com- 
mon experimental poliomyelitis due inoculation other portals, 
although never our experience consistently present the intra- 
ocular cases. The ptosis rare other types cases, and the neck 
paralysis uncommon except after intraocular inoculation. The combina- 
tion ptosis, pupillary changes, severe head tremor, and neck paralysis 
practically pathognomonic the intraocular cases. Correlated with 
this clinical picture, the distribution lesions the hind-brain some 
interest. especially heavy involvement appears occur paralytic 
cases the oculomotor nuclei, the dorsal tegmental nucleus, the 
central grey along the fasciculus Schiitz, the vestibular nuclei, and 
the anterior horn the cervical cord, apparently unusually marked 
extension from the region the central grey. seems likely that the 
combination clinical symptoms mentioned may due the direct 
and unusually marked spread virus from the region the oculomotor 
nuclei the mid-brain, the site the early changes producing the initial 
clinical sign ptosis, the vestibular nuclei and the cervical spinal cord, 
way two possible routes, the medial longitudinal fasciculus, and the 
fasciculus Schiitz the central grey. The frequent heavy involvement 
the central grey and the dorsal tegmental nucleus, adjacent the oculo- 
motor nuclei and one the nuclei origin the fasciculus Schiitz 
(fig. 1), suggests possible role the latter bundle the more less 
selective spread the virus these cases the vestibular, and subse- 
quently cerebellar, centres and the cervical cord. The medial longitu- 
dinal fasciculus, however, also may play important role this connec- 
tion, because its apparent function associating the oculomotor, 
vestibular, and neck reflex activities. 

may some significance that the and the muscles 
innervated the cranial nerves, usually paralysed late all after intra- 
nasal inoculations and inoculations other portals, may early and 
severely affected after intraocular inoculations. This suggests strongly that 
the virus poliomyelitis does not possess any special affinity for the motor 
cells the limb regions the spinal cord, contradistinction the 
motor cells the cranial nerve nuclei, but that the latter centres after 
inoculation the common portals are not ordinarily reached effective 
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necrotizing concentrations virus, due peculiarities their neuronal 
connections. 

considering the pathway which the virus enters the central 
nervous system after intraocular inoculation, Burnet, Jackson, and Robert- 
son (1939) have concluded highly probable that the optic nerve 
the route choice the virus. Nevertheless, they have found very 
little change the optic pathways support this view, and, our 
experience, have found the most intense changes the region the 
oculomotor nuclei. the other hand, have seen lesions the 
retina the lateral geniculate body—the primary termination the 
optic nerve—after inoculation intraocularly any other portal (fig. 4c). 
This suggested that infection after intraocular inoculation does not take 
place way the optic nerve, and confirmatory evidence for this belief 
was obtained direct inoculation into the optic nerve (one case) which 
failed produce poliomyelitis. Furthermore, when the optic nerve 
cut, and virus inoculated into the vitreous body the same side, 
poliomyelitis results, with histopathological picture identical with that 
seen intraocular cases with intact optic nerves. Finally, two cases 
(not listed Table which the ciliary ganglion was removed surgically 
before virus inoculation into the vitreous body the corresponding eye, 
poliomyelitis resulted only one animal after three weeks’ incubation 
period had passed, and failed occur the second animal after five 
weeks, although control animal with intact ciliary ganglion came down 
with typical clinical poliomyelitis one week after intraocular inoculation. 

Examination the cranial ganglia confirms the probable route 
infection after intraocular injection since all unoperated cases 
abundant lesions were found the ciliary ganglion the side inocu- 
lation (fig. 4a), although lesions the ciliary ganglion have never been 
found any our cases inoculated other portals. Lesions found 
the Gasserian ganglia after intraocular inoculation must discounted, 
since lesions are found here after infection almost any portal, appar- 
ently due ready invasion these ganglia from the infected hind-brain. 
The superior cervical ganglia show occasional lesions after intraocular 
inoculation. Except the cases which the ciliary ganglia were removed, 
which numerous lesions were present the superior cervical ganglia, 
such lesions are few number and never consistently present those 
the ciliary ganglia. This fact, coupled with the predominance and 
severity lesions and around the oculomotor nuclei, mid-brain teg- 
mentum, and central grey, make highly probable that the pathway 
invasion the central nervous system after intraocular inoculation 
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primarily via the ciliary nerves, ciliary ganglion, and oculomotor nerve, 
and not way the retina and optic nerve, which, like the optic centres 
the thalamus and cerebral cortex, are peculiarly resistant virus 
invasion. The sympathetic nerve fibres connecting the eye with the 
central nervous system via the superior cervical ganglia may also 
traversed virus, but this route apparently longer and less certain and 
does not play significant role when the ciliary ganglia are intact. 


Infections. 


interesting compare the mode dissemination the virus 
when ascends the central nervous system with that cases inoculated 
intranasally, intracortically. After inoculation into the sciatic nerve, 
the skin, the peritoneal cavity, spinal cord, late paralytic cases, the 
distribution lesions the brain quite similar that seen intra- 
nasal cases, but rule lesions are more severe and more numerous 
the reticular formation and tegmentum the ascending infections, and 
fall off sharply rostral the region Forel’s field (fig. 5). Lesions are 
absent even late paralytic stages the olfactory bulbs, and 
most the olfactory centres and mid-line thalamic nuclei, these cases 
ascending infection. Thus, spite the similarity distribution 
lesions most the brain with that seen descending infections, 
possible examination the entire brain, including the olfactory bulbs, 
determine whether the virus has ascended descended the brain. 
The possible significance this fact determining whether virus has 
entered the brain certain human cases via the olfactory route, via the 
gastro-intestinal other portals leading ascending infections, cannot 
too strongly emphasized. 

Hurst (1930), and Pette, Demme, and (1932) have studied the 
progress the virus the central nervous system after intrasciatic inocu- 
lation, noting the progressive formation lesions rostral direction 
early stages the disease. Hurst described initial invasion the 
lumbar cord followed leg paralysis, but lesions were seen the motor 
cortex before the cervical cord was involved. Our material serves con- 
firm most his findings except that involvement motor cortex before 
cervical cord. two preparalytic intrasciatic cases, both which showed 
intense inflammatory infiltrations and neuronophagia the lumbar cord, 
progressive spread lesions seen sections spinal cord and brain 
are followed rostrally. one case lesions were found the cervical cord, 
reticular formation hind-brain, and mid-brain tegmentum, with 
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lesions other brain centres and the heaviest infiltrations the reticular 
formation the region the pons. The second case, animal which 
was beginning show prodromal muscular tenseness, was similar, except 
that lesions extended into the hypothalamus and subthalamus from the 
mid-brain tegmentum. this stage lesions were seen yet the 
motor cortex, such lesions being found only later paralytic cases. 

entirely comparable situation was found examination the 
brains two animals which had been inoculated with virus into the 
lumbar cord two and three weeks following transection the spinal cord 
T,. These animals developed typical poliomyelitis above the transec- 
tion, apparently spread virus along the extraspinal pathways 
from the lower the upper cord segment (Howe and Bodian, un- 
published). Both animals were sacrificed when severe 
occurred. Brain sections showed great predominance pathological 
changes the reticular formation the region the pons, the tegmental 
centres the mid-brain, and, the more severely involved case, the 
subthalamus also. Both cases showed infiltrative lesions the motor 
cortex, but neither contained any lesions the dorsal thalamus globus 
pallidus. Infiltration and neuronophagia the large cells the reticular 
formation and tegmentum were much more prominent than usually 
seen comparable stages following descending infections these regions, 
suggesting probable higher concentration virus these regions after 
ascending than after descending infections. The absence lesions the 
ventrolateral nuclei the thalamus these cases ascending infections 
time when lesions are already present the motor cortex, renders 
highly improbable any significant spread virus along the spinothalamic 
tracts. Both the ventrolateral thalamic nuclei and the globus pallidus are 
free lesions until considerable invasion the motor cortex has occurred, 
that appears that these centres are infected from the cortex, and 
rarely, ever, conversely. 

Apparently, then, although possible that virus may invade the 
motor cortex directly from the lumbar cord way the pyramidal tract, 
the above evidence suggests that, the case descending spread 
from the motor cortex cord, shorter neuron chains may utilized 
which connect these two centres way the reticular formation, 
mentum and subthalamus. Also considered the possibility that 
the rate development lesions any particular centre after virus in- 
vasion may differ from that other locations, due differences the 
concentration the virus any particular time. Thus lesions may 
develop the motor cortex before serious damage has been done the 
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cervical cord but after the latter has been invaded less effective con- 
centrations virus spreading rostrally from the lumbar cord. 

Although the exact manner which virus reaches the central nervous 
system after intracutaneous intraperitoneal inoculation not known, 
the fact that the distribution lesions the brain entirely comparable 
with that seen after ascending infections from the spinal cord sciatic 
nerve suggests that the virus the former cases enters the spinal cord 
before ascending the brain. the skin infections cutaneous nerves are 
probably utilized the passage the spinal cord, and the intraperi- 
toneal infections, the sympathetic nerve pathways may also involved. 


Discussion AND SUMMARY. 


The findings presented some detail the foregoing pages may now 
summarized, and are partly represented diagrammatically fig. 
now well established that the distribution lesions, described 
the brain the monkey comparable with that described man. The 
analysis lesion distribution man has not yet, however, been suffi- 
ciently detailed make possible correlation the distribution lesions 
with the portal entry the virus, have attempted the 
monkey. Some experimental investigators who have utilized several 
portals for the production poliomyelitis monkeys have tended 
emphasize the similarity distribution lesions the brain, regardless 
the portal entry the virus (Pette, 1930 Pette, al., 1932 
1933). clear from the data presented this report, such general 
the case, but, the other hand, marked differences the quantitative 
distribution lesions certain stages the disease, and the severity 
involvement certain centres, can detected after inoculation virus 
into various portals. For this purpose, however, detailed study serial 
sections the nervous system large number cases desirable. 
our opinion, such analysis should possible human 

The probability axonal transmission the chief mode virus 


have the present time studied serial sections the olfactory bulb, 
brain-stem, and segments selected cortical areas human case ascending 
poliomyelitis terminating respiratory failure, case described detail 
elsewhere. great interest that the distribution lesions the brain 
identical with that seen the experimental animal. The absence any lesions 
the olfactory bulbs, and the rarity lesions any centres rostral the preoptic 
area, strongly suggests that, this case least, the portal entry was not the 
intranasal one, but that the course the virus the brain was rather ascending 
one. The intensity pathological change the brain-stem and spinal cord renders 
dubious the alternative possibility that virus may have passed through the olfactory 
bulbs without leaving trace. 
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dissemination, point considerable theoretical importance, has also 
been suggested the studies Fairbrother and Hurst (1930), Pette (1930), 
and Spielmeyer (1932). They emphasize the constancy the pathological 
pattern, which our more extensive material has made abundantly clear, 
but fail emphasize the importance the axonal connections the 
centres preferentially attacked the virus, clearly demonstrated the 
significant variations from this pattern which may induced inocu- 
lation various portals and experimental surgical procedures. 

well known, the predominant histopathological changes occur 
the grey centres the nervous system rather than the fibre pathways 
which interconnect them, that necessary always keep mind the 
patterns interconnections the nerve cells order able 
interpret the paths progression the virus from centre centre. The 
impression obtained from detailed study extensive material that 
this axonal progression from neuron centre neuron centre, the virus 
appears select the shorter neuronal chains preferential pathways, 
rather than the long nerve-fibre systems. This preference the virus for 
shorter pathways probably, however, only apparent, and possibly based 
the fact that growth the virus and increase its concentration 
occurs the neuronal perikarya rather than the axons, that the 
effective concentration for spread the virus along nerve fibres main- 
tained increased the grey matter where the nerve-cell bodies are 
found. this were true, would expected that the virus could traverse 
the basal pathway from olfactory bulb spinal cord, which many short 
interconnections between numerous nerve cells occur, rapidly faster 
than along the one-neuron pathway from motor cortex spinal cord. 
Actually our material the difference time involved intranasal and 
intracortical inoculations not marked, and probably not significant when 
one considers that the one case the virus placed directly the brain 
tissue. Further, the pyramidal tract not necessarily used the trans- 
mission virus from cerebral cortex cord, since the time relations, 
clinical picture, and pathological findings are way altered when the 
pyramidal tract sectioned the medulla oblongata before intracortical 
inoculation the corresponding side. This suggests not that longer 
axonal systems are not traversed virus, but that the virus reduced 
concentration traversing them and thus less effective the nucleus 
termination, whereas higher and more effective concentration main- 
tained when the virus has the opportunity multiplying the numerous 
nerve cells along the course shorter neuronal chains. Actually, the 
passage virus the length the central nervous system may extra- 
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ordinarily rapid along the continuous grey matter the primary olfactory 
centres, the preoptic area, the hypothalamus, the tegmentum, and the 
reticular formation the hind-brain the spinal grey. 

The suppositions upon which the foregoing interpretation virus 
dissemination principally based, namely that nerve-cell perikarya, rather 
than any other components nervous tissues, are necessary substrate 
for virus growth, and that minimal threshold concentration exists, below 
which the virus ineffective, have been rendered highly probable two 
new and related lines evidence, recently reported us. 

The first (Bodian and Howe, 1939) the finding paralytic cases that 
there complete absence any signs virus invasion those centres 
the optic thalamus which all the nerve cells have undergone 
previous retrograde degeneration and have disappeared following destruc- 
tion their axonic terminals the cerebral cortex. phenomenon 
has been observed repeatedly, even those centres which after intra- 
cortical inoculation virus always contain lesions paralytic stages. 
suggests either that living nerve cells are necessary for the growth and 
spread virus and for the production typical lesions, or, what less 
likely, that the axonal pathways used the virus reaching the degener- 
ated centres have been entirely eliminated the experiment, thus pre- 
venting access the virus these centres. 

Evidence that effective minimal concentration virus necessary 
the production pathological changes nervous tissues, concentra- 
tion perhaps different for different nervous centres, has been recently 
presented another report (Howe and Bodian, 1939). this study 
the role chromatolysis lowering the susceptibility nerve cells 
the effects virus invasion, was noted that regions the anterior 
horn which non-chromatolytic cell was surrounded chromatolytic 
cells the stage relative immunity, the non-chromatolytic cell—presum- 
ably highly susceptible nerve cell—was apparently unaffected the 
virus. This may conceivably due the low concentration virus 
this region produced the decrease substrate the surrounding 
chromatolytic cells. clear from other experiments well that 
threshold concentration virus exists, below which pathological changes 
are not produced (Pette, al., 1932 Brodie, 1938 Schultz and Gebhardt, 
1939). 

The lesions produced the virus poliomyelitis the brain the 
rhesus monkey are found principally along two preferential systems 
neuronal pathways. This generalization best demonstrated rule 
only preparalytic and early paralytic stages, which the sharpness 
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localization lesions along these pathways especially evident. Later, 
the elementary pattern progression the virus may obscured its 
spread into secondary tertiary pathways leading from the principal 
ones. The pre-paralytic intranasally inoculated animals, following the 
onset fever, show the most important preferential pathway virus 
passage. This the pathway from olfactory bulb the spinal cord 
way the anterior perforate substance (tuberculum olfactorium), the 
preoptic area, the hypothalamus and the descending pathways from these 
centres (fig. 1). These pathways appear the olfacto-tegmental and 
hypothalamo-tegmental tracts, and the periventricular bundle Schiitz, 
which connect with the mid-brain tegmentum and the reticular formation 
the hind-brain. From the latter regions virus passes the motor 
centres the medulla oblongata and spinal cord, apparently way 
many short connections. 

After intranasal instillation virus, late preparalytic stages, lesions 
not the primary pathways are found chiefly the parolfactory regions 
and the amygdaloid nuclei, due spread virus from the olfactory 
bulbs and the tuberculum olfactorium, and also the mid-line grey the 
dorsal thalamus. The virus appears reach the latter passage along 
the periventricular fibre system, which connects the hypothalamus with 
the mid-line centres the thalamus. There rarely seen any spread 
lesions from the mid-line thalamic centres the more laterally placed 
sensory portions the thalamus, and then only late paralytic stages. 
The anterior thalamic nuclei are occasionally the site inflammatory 
infiltrations, apparently due spread virus from the mid-line thalamic 
centres, since the mammillary bodies which also connect with the anterior 
thalamic nuclei are with rare exceptions conspicuously free lesions. 
There evidence our material that the principal path virus spread 
the spinal cord these intranasal cases the spinothalamic tract, 
suggested Faber (1933) since lesions are not found the sensory 
(ventrolateral) portions the optic thalamus until paralysis extreme, 
and then only when lesions are also present the cortex around the 
central sulcus. Occasionally cases extreme paralysis lesions the 
thalamus may present only the mid-line centres, which have 
direct connections with lower levels the brain-stem. thus apparent 
that subinoculation tests made with material from unspecified portions 
the thalamus cannot critical the analysis virus propagation 
from the thalamus. Furthermore, the absence lesions late para- 
lytic stages the olfactory centres and mid-line thalamic 
associated with especially heavy involvement the reticular formation, 
almost pathognomonic ascending infections the brain. 
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The second important preferential pathway that from the motor 
cortex the medulla oblongata and spinal cord. Along this pathway 
lesions are found not only after intracerebral inoculation into any part 
the cortex, but also, late paralytic stages, after inoculation any other 
portal, including the intranasal. fact, unlike other parts the cerebral 
cortex, the motor cortex (Areas and appears favourable site 
for virus growth. prodromal stages after intracerebral inoculation, 
the distribution lesions suggests that the pathway from the motor 
cortex lower centres way the subthalamic and tegmental centres, 
including the zona incerta, the field Forel, the mid-brain tegmentum, 
and the reticular formation, rather than way the more direct cortico- 
spinal route. Although the latter not excluded possible route 
dissemination the virus, means necessary for virus spread 
from motor cortex the opposite side the spinal cord, since the pattern 
crossed initial paralysis (Howe and Ecke, 1937), and the pathological 
findings not appear materially affected section the appro- 
priate bulbar pyramid. The chief pathways virus spread caudally from 
the subthalamic and mid-brain regions, evidenced the distribution 
lesions, are apparently the same those involved after intranasal 
instillation. 

may instructive consider here some examples experimental 
interruption important fibre pathways which result modification 
the pathological picture the brain: (1) monkeys which polio- 
myelitis induced intranasal instillation after section one olfactory 
tract (Cases 898, 637), there marked preponderance lesions the 
side the intact tract olfactory centres and the hypothalamus 
far back the mid-brain tegmentum. This constant finding further 
supports previous evidence that the entry virus into the brain after 
intranasal instillation way the olfactory tracts and implicates the 
axons the mitral cells this process spread. 

(2) pre-paralytic stages, after inoculation virus into the leg region 
Area (motor cortex), lesions are found that portion the dorsal 
thalamus, and that portion only, which has been shown experimental 
anatomical studies directly connected with the site inoculation 
(see Case 895). The constancy and unexpectedly sharp localization the 
lesions these cases, along well-established neuronal system, offer 
convincing evidence the propagation virus along neuronal pathways 
and the validity, certain instances least, the use typical lesions 


stigmata even early virus invasion. 
(3) Pette, Demme, and (1932) and Brodie (1933) have shown 
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that after inoculation virus into the motor cortex the concentration 
virus the height paralysis greater the opposite motor cortex than 
that the side inoculation. This agrees with our frequent finding 
late paralytic stages that lesions are more numerous the motor cortex 
opposite the side inoculation (see Case 533). after experi- 
mental section the corpus callosum, the great preponderance 
the late paralytic stage the side the inoculation. This indicates 
that the corpus callosum the principal, but not exclusive, route for the 
spread the virus from one cerebral hemisphere the other. 

summary, the sequence events appears follows: the 
preparalytic stage, after the onset fever, the pattern propagation 
resulting from inoculation different portals may recognizably dif- 
ferent, with sharp localization lesions along certain neuronal pathways. 
the time that paralysis has set in, regardless the portal entry, the 
virus has reached the preferential pathways from the olfactory centres 
the spinal cord, and from the motor cortex the spinal cord, and has 
passed both rostrally and caudally along these pathways the centres 
involved typical intranasal intracortical inoculation. late para- 
lytic stages the primary pathways transmission the virus are obscured 
the fact that evidences virus invasion are found centres other than 
those along the preferential systems nerve cells and fibres. This indi- 
cates spread, after the initial invasion, from the more susceptible primary 
pathways, less susceptible centres. Finally, more severe cases, 
overwhelming spread the virus may occur from the centres primarily 
and secondarily involved, that even some centres which are rarely 
never affected the early stages (that is, centres relatively inaccessible 
insusceptible) are reached effective concentrations the virus and 
succumb it. 

This chain events occasionally occurs even early stages when 
large quantities virus are introduced some artificial portal, the 
cases inoculation into the cortex the frontal pole. these cases 
certain centres which are ordinarily rarely involved, either because 
relatively high immunity remoteness from the preferential pathways, 
may the site pathological changes. Such centres, for example, are 
the caudate nucleus and putamen, which have rarely seen involved 
except after inoculation into the frontal pole. 

Similarly, the virus inoculated some other portal than the intra- 
nasal one, signs virus invasion late paralytic stages may occasionally 
observed far forward the olfactory system the tuberculum 
olfactorium, but contrast with intranasal cases (Sabin and Olitsky, 1937) 
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apparently never the olfactory bulbs. Further, ascending infections 
the characteristic distribution lesions throughout the brain distinctly 
different from that seen cases descending infections, such occur 
after intranasal inoculation, for example (see fig. 5). Although even 
terminally thus possible observe certain cases differences the 
distribution lesions, depending the portal entry, nevertheless the 


Centres usually involved in late Centres usually involved only 
paralytic stages, regardless of after inoculation by certain Centres rarely or never 
portal entry virus portals involved 
Tuberculum olfactorium Olfactory bulbs* Retina 
Parolfactory areas Septal nuclei* Lateral geniculate body 
Pre-optic area Amygdaloid nuclei* Area striata 
Medial and lateral hypo- Mid-line thalamic nuclei* Posterior parietal cortex 
thalamic nuclei 
Zona incerta Habenular Caudate nucleus 
Field Forel Nucleus medialis dorsalis Putamen 
Substantia nigra Parafascicular nuclei Hippocampus 
Nucleus ruber Neocortex frontal and Mammillary bodies 
temporal lobes 
Nucleus subthalamicus Claustrum* Supra-optic nuclei 
Globus pallidus Piriform cortex*t 


Ventrolateral olivary nuclei 
nuclei 
Mid-brain tegmentum, tec- 
tum, and central grey 
Dorsal tegmental nucleus 
Reticular formation and 
central grey hind-brain 
Vestibular nuclei 
Other nuclei cranial 
nerves 
Nucleus locus 
Fastigial and dentate nuclei 
Cerebellar cortex 
Cuneate nuclei 
(also ascending infections). Intraocular inoculations 


final pathological picture most cases similar. This indicates, 
previously recognized Pette, Demme, and (1932), and Spiel- 
meyer (1932), that the susceptibility virus various parts the 
nervous system largely independent the portal entry. However, 
the evidence herein presented also suggests that spread the virus 
the brain, evidenced the extent and quantity lesions, even cases 
with fulminating clinical course, limited the inherent resistance 
certain centres (for example, the striate cortex and lateral geniculate 
body), and the inaccessibility virus other centres which are not neces- 
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sarily immune, but which ordinarily are not reached effective con- 
centrations virus. may thus tentatively suggested that the total 
pathological picture, including the apparent system selectivity virus 
damage determined least three principal factors: (1) The differen- 
tial susceptibility certain centres, based metabolic chemical 
peculiarities (2) the accessibility virus and the resultant effective local 
concentration virus determined the kind and quantity neuronal 
connections between any centre and other centres from which virus can 
spread (3) the portal entry, since has been shown that the second 
factor partially dependent upon and can modified the introduction 
virus into different portals entry the nervous system, well 
experimental surgical interruption appropriate fibre tracts. 
Unexplored yet host factor determining the course the 
disease and the extent pathological change, the possibility that 
immunological processes occurring nerve cells surviving sublethal doses 
virus may protect such cells from higher concentrations virus during 
the later course the same attack, during second attack, polio- 
The operation only some these host factors would 
enough explain the variability extent and degree damage the 
nervous system occurring different animals infected with the same 


strain virus. 
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LEGENDS FOR FIGURES. 


Fic. showing the principal neuronal routes dissemination 
poliomyelitis virus the brain the rhesus monkey, determined study 
the progressive spread and distribution lesions. The neuron centres which appear 
most significant the spread virus from the olfactory bulb, and from the 
motor cortex, the spinal cord are indicated capital letters. The two sets 
routes connecting these centres are shown heavy straight lines 
and heavy beaded lines. For economy space, many direct axonal connections 
are shown collateral connections. Arrows indicate the apparent directions 
passage virus. preferential pathways are apparently identical with those 
human poliomyelitis. 

Fic. (Case 898).—Preparalytic poliomyelitis following intranasal instillation 
virus two weeks after surgical interruption the left olfactory tract. Sections 
through the preoptic region the left (a) and right (b) sides. Note the marked 
focal and perivascular infiltrations (b) and the absence such lesions (a). 

Fic. (Case 637).—Section through the hypothalamus, the region between 
the optic chiasma (below) and the filiform (paraventricular nucleus). Note the 
unilateral localization lesions the right side. this case preparalytic polio- 
the virus was instilled intranasally after surgical interruption the left 
olfactory tract. 

Fic. (Case 851).—Paralytic poliomyelitis, after intraocular inoculation. 
Ciliary ganglion side inoculation, showing lymphocytic infiltrations (lower 
arrows), and necrotic ganglion cells (upper arrow). (b) Region superior colliculi 
and oculomotor nuclei, showing numerous infiltrative lesions. (c) Lateral geniculate 
body (cgl), showing lesions. Note numerous lesions substantia nigra (s.n.). 

Fic. 5.—Series sections through olfactory bulbs and brains case descend- 
ing infection inoculation, Case 776, paralytic), and one ascending 
infection (B—inoculation into spinal cord below region transection, Case 989, 
paralytic). Right olfactory bulb. (b) Region right nucleus olfactorious 
anterior rostral margin tuberculum olfactorium. (c) Hypothalamus region 
filiform nucleus. (d) Field Forel, right. (e) Leg region, right Area (f) Right 
nucleus ventralis postero-lateralis thalamus. (g) Reticular formation level 
hypoglossal nucleus. Note the heavy infiltrations the olfactory bulb, region 
the nucleus olfactorious anterior, and hypothalamus Case 776 (at left), contrasted 
with absence lesions rostral the hypothalamus Case 989. Below the hypo- 
thalamus Case 989, ascending infection, shows much more pathological change 
than Case 776. 


1 
1 


PLATE IV. 


Fias. and 


illustrate article David Bodian and Howard Howe. 


= Ee. 
Ly 


1 
| 
7 
| 


PLATE 


illustrate article David Bodian and Howard Howe. 


ai 


‘ 


PLATE VI. 


illustrate article David Bodian and Howard Howe. 


~ 


q 
1 


PLATE VII. 


Fs 
1 


ALINE 


illustrate article David Bodian and Howard Howe. 


tog. 


> 


? 
q 
\ 


163 


THE RELATIONSHIP BETWEEN AMYOTONIA CONGENITA 
AND CONGENITAL MYOPATHY. 


(From the National Hospital, Queen’s Square.) 


INTRODUCTION. 

1900 Oppenheim described new syndrome which appeared the 
first months life. The main feature the condition was marked 
degree muscular flaccidity that there was extensive range 
movement all joints and the limbs could put into all manner 
bizarre positions. The muscles were flabby, but local atrophy was found. 
There was reduction active movement which varied degree from 
case case, and there was diminution absence the tendon-jerks. 
Oppenheim thought that this was congenital condition, though the 
abnormality might not always noticed immediately after 
suggested was due delayed and disordered development the 
musculature and that there was disease the central nervous system. 
said that the course time there was more less recovery from 
the affection, and for this reason there was right regard 
dystrophia musculorum. 

Oppenheim’s original name for the disorder was myatonia congenita, 
but since then the names amyotonia congenita Oppenheim’s disease 
have usually been given it. Since the original description the condi- 
tion, number problems concerning have arisen, and the most 
important these are the true prognosis children who suffer from it, 
and its relation the myopathies and the spinal muscular atrophies 
infancy. The study family, which has been under observation 
the National Hospital for number years, helps clarify these prob- 
lems, more especially the relationship between amyotonia congenita and 
the myopathies. 

GENERAL DESCRIPTION THE FAMILY. 
(Full details will found the Appendix.) 


Table Family. 


stillbirth miscarriage 
indicates affected members. 


normal members. 
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The family consists children, whom six have been affected 
the disease. addition the children who were born alive, there was 
one stillbirth and one miscarriage. Neither parent was affected the 
disease, and family history any nervous disorder could obtained. 
The mother, who intelligent witness, says that during the later 
stages pregnancy she could tell when child was going affected, 
foetal movements were late starting and were feeble with the affected 
children compared with the normal ones. the case the affected 
children labour was prolonged although the children were smaller than 
the normal ones birth. The affected children were abnormally limp 
after birth, they could rolled into the shape ball and their heads 
lolled about abnormal way. There was very little voluntary move- 
ment the legs till the children were about months old, and the 
age about years they started propel themselves along the floor 
their buttocks. There was delay speaking and mental development 
was normal. 

the six children who were affected the disease, five were 
examined the National Hospital early childhood, two when they 
were aged years, one aged one aged and one aged months. 
The clinical picture found was practically the same all the children. 


The most prominent feature was extreme flaccidity the muscles, that 


the children could folded and their limbs could put into abnormal 
positions for example, the hips could flexed such degree that 
the anterior surface the thighs rested the abdominal wall. When 
one was picked the armpits, the whole body slipped through the 
hands. The muscles felt flabby, but localized wasting was 
found any the children. the case the children who were 
examined when aged months and years respectively, tendon- 
jerks could obtained, but when these children were re-examined 
eighteen months later the ankle-jerks were present but the other jerks 
remained absent. the case the other three children who were first 
examined when aged years, the ankle-jerks were present two 
them and absent the other one, while the other tendon-jerks were 
either absent just obtainable. Two these children were shown the 
Royal Society Medicine Batten 1914-15 and one them the 
International Congress Medicine 1913. 

Two the children died childhood, one aged measles and 
one aged months unknown cause (this last child was the only 
one who had not been under observation the National Hospital). The 
development the other four children was remarkably similar gradually 
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the hypotonia became less, and the age they were able 
walk waddling manner. the hypotonia disappeared localized 
muscular wasting appeared and the same muscles became atrophied all 
four children. The whole family was re-examined 1938, and abnor- 
mality was found any the six children who had been normal 
birth and during childhood, except that two them showed slight weak- 
ness the triceps relatively the other muscles and moderate diminu- 
tion the triceps jerks. The four children who had been affected 
presented remarkably similar clinical picture. There was hypotonia 
but marked localized muscular atrophy was observed and the same 
muscles were wasted all four cases the most wasted muscles were the 
sternomastoids, the pectorals, the trapezii and the triceps, while there was 
also considerable atrophy the serratus magnus, the spinati, the latis- 
simus dorsi, and three the cases the deltoid all the cases the 
biceps and the forearm muscles appeared normal. The wasted muscles 
were weak proportionately the wasting. all four cases there was 
slight weakness flexion and extension the hips, and two the 
knees also. There was localized wasting the leg muscles. Three 
the patients walked waddling manner with lumbar lordosis, 
while the other one walked normally. 
all four cases the triceps and knee-jerks were absent, while the other 
tendon-jerks were normal, the abdominal reflexes were present and the 
plantar responses were flexor. case was there any sensory loss, and 
there were fibrillary twitchings, pseudo-hypertrophy muscles 
evidence voluntary percussion myotonia. 

interesting fact about the condition was that appeared non- 
progressive and not disabling, three the patients were able earn 
their livings moderately strenuous pursuits, while the fourth was 
prevented from doing only because her cardiac condition. 

The exact age which localized wasting muscles first 
not known, but when one the children was examined the age 
there was extreme wasting the sternomastoids and the lower part 
the pectorals, while localized wasting had been seen when was 
examined two years earlier. two the others local wasting was first 
seen when they were aged and respectively, but they had not 
been examined for few years before this, probable that the wasting 
had started some years earlier. 

One further feature the condition was slight contracture the 
fingers this varied degree the four affected patients the contracture 
comprised over-extension the metacarpo-phalangeal joints and flexion 
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the inter-phalangeal joints: this was usually associated with some 
flattening the thenar eminence, but other wasting the hand 
forearm muscles. 


The clinical picture presented these children early infancy was 
typical amyotonia congenita described Oppenheim from the 
observations that foetal movements were late appearing and feeble, and 
from the condition the children birth and during the first few weeks 
life, seems probable that the disease was present before birth. This 
abnormality foetal movements has been described previously other 
cases Oppenheim’s disease (Foot, 1913, and Faber, 1917). early 
adult life the clinical picture presented the same patients was equally 
typical myopathy somewhat unusual distribution, and the course 
the disease shows that there was gradual transition from the state 
amyotonia with its marked flaccidity and absence local muscular 
atrophy, the state myopathy with considerable local muscular 
atrophy and absence flaccidity. There can little doubt that the 
patients were suffering from one disease process and that myopathic 
one, and from this must concluded that they were affected 
congenital myopathy, which its early stages had produced the clinical 
picture amyotonia congenita. 


the early years this century there was considerable controversy 
the relationship between amyotonia congenita and the muscular 
dystrophies one group neurologists maintained that the two conditions 
were entirely distinct, Collier (1908-9) asserted that there was 
logical relationship and only the most superficial clinical resemblance 
between them while others, notably Batten (1909-10), thought that the 
relationship between the two diseases was close one, and that there was 
considerable reason think that amyotonia congenita and the form 
myopathy which had called the simple atrophic type were the same 
disease. 

number distinctions between amyotonia and the myopathies were 
formulated Collier and Wilson (1908). These 

(1) Myopathies are conspicuously familial, whereas familial ten- 
dency has been recorded amyotonia. 
(2) Several types myopathy often show familial relationship with 
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one another, whereas case amyotonia has been reported myo- 


pathic family. 

(3) large majority cases amyotonia are congenital, while 
none its several types myopathy apparent birth. 

(4) The characteristic muscular flaccidity amyotonia not present 
myopathy. 

(5) Local muscular wasting, which marked feature myopathy, 
not present amyotonia. 

(6) The course myopathy one progressive increase muscular 
weakness, whereas that amyotonia congenita one progressive 
amelioration symptoms. 

(7) return the deep reflexes after persistent absence for months 
years has been recorded several times amyotonia, while such return 
the deep reflexes has never been recorded myopathy. 

Two further points distinction added the following year Collier 
and Holmes (1909) were that the periphery the limbs was predomin- 
antly affected amyotonia and the proximal part myopathy and that 
amyotonia never spreads muscles previously unaffected while myopathy 
usually does this. These authors stated that the histology the muscles 
was the same amyotonia and myopathy. 

Collier and Wilson concluded that these distinctions proved that 
amyotonia congenita was new and distinct clinical type, but they 
admitted that its relation the myopathies could only determined 
with certainty when much larger number records was available. 

During the thirty years since this paper was written, considerable 
number case records has been published, showing conclusively that 
most Collier and Wilson’s distinctions are not acceptable this evidence 
must discussed. 

(1) number undoubted cases the familial occurrence 
amyotonia congenita have been recorded. The earliest reputed case 
that Sevestre (1899), but the presence flaccidity not mentioned 
and there was reaction degeneration present the muscles, this 
family should not accepted example familial amyotonia. 
Reuben (1917) reports three cases amyotonia family, Pearce (1920) 
records twins and Gjorup and Schroeder (1935-36) report 
brother and sister. 

(2) Amyotonia congenita and myopathy have been recorded the 
same family. Silvestri (1909) recorded family which maternal aunt 
suffered the Landouzy-Dejerine type myopathy, while two child- 
ren the family from the time birth suffered from marked hypotonia 
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with abnormal range passive movement the joints. The elder 
these children gradually improved grew older, but when was 
examined the age was found suffering from muscular 
dystrophy the Erb type. well recording the occurrence amyo- 
tonia and myopathy one family, this paper shows that child who 
infancy presents the picture amyotonia congenita, may adolescence 
present the picture myopathy. This the only report the litera- 
ture, previous the present paper, which this transition has been 
recorded. 

(3) Though myopathy present from the time birth rare, few 
undoubted cases have been recorded. Finkelnburg’s (1908) case was one 
which myopathic features appeared early, but reason for think- 
ing that the child was affected before the age months. The two 
best authenticated cases congenital myopathy are those Russell 
Howard (1907-8) and Schlivek (1910). Russell Howard described the 
pathological examination child who died when days old: the child 
was one twins, the other twin being stillborn. The child’s arms were 
said the position Erb’s palsy with the normal rounded 
contours the shoulders absent, while the feet were the talipes equino- 
varus position. When dissection the muscles was carried out they 
were found various stages atrophy some muscles, such the 
biceps, being practically absent. The atrophy did not follow any parti- 
cular segmental nerve distribution, but appeared quite capricious. 
The microscopy the muscles showed that there 
replacement muscle fibres connective tissue, and that the muscle 
fibres themselves were various stages atrophy scattered among the 
degenerated fibres were some fibres greater calibre than normal, resemb- 
ling those found pseudo-hypertrophic muscular dystrophy. Sections 
the peripheral nerves were normal: the spinal cord appeared normal 
naked-eye examination, but unfortunately was not examined micro- 
scopically. Schlivek’s patient was girl, aged years and months, who 
was unable move her arms till she was months old and who was never 
able flex the elbows knees properly. There was atrophy the muscles 
the anterior part the arms and lesser extent the posterior 
part, while the forearms and hands were better developed. There was 
weakness the shoulders and contractures the elbows and knees and 
the feet were the talipes equino-varus position. When the child stood 
there was lumbar lordosis, but this disappeared when she sat down. 
There was sensory loss and there was reaction degeneration 
the muscles. 
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The myopathy present the members the family reported here is, 
have shown earlier, undoubtedly congenital. 

and must admitted that flaccidity unusual myopathy 
and local muscular wasting rare amyotonia congenita, but the present 
family and lesser extent the patient described Silvestri show that 
condition marked flaccidity with wasting may gradually change 
into one local wasting without flaccidity. 

(6) The question the prognosis amyotonia congenita 
means settled. Oppenheim’s optimistic outlook and Collier and Wilson’s 
statement that there progressive amelioration symptoms not seem 
justified. Batten (1909-10) did not think that recovery ever occurred 
said that most cases there was progressive deterioration the child’s 
condition. Undoubtedly large number the infants affected die young 
intercurrent disease—Reuben (1917) puts this number about per 
cent. and not single case the ones reviewed him was there com- 
plete recovery. careful follow-up large number cases has been 
published, but that some improvement occurs proportion cases 
true: reviewing 117 published cases Faber (1917) states that marked 
improvement occurred five. 

the other hand the course myopathy not always one 
progressive deterioration. Gordon Holmes (1908-9) recorded the case 
man aged who had extreme weakness both orbicularis palpebrarum 
muscles and both cheeks were remarkably flat and thin there was also 
wasting the lower part the pectoral muscles and the upper parts 
the trapezii. was known that this man had not been able whistle 
since was ten years old, though before that age could whistle. This 
case seemed one arrested myopathy, and that the disease 
process was myopathic was confirmed the fact that his daughter and 
two nephews suffered from typical myopathy. the same meeting 
the Royal Society Medicine, Batten recorded case myopathic weak- 
ness the face which had not progressed thirty more years, and 
Barnes mentioned two cases Landouzy-Dejerine myopathy which the 
disease had been stationary for many years. Jendrassik (1909) reported 
two cases myopathy which there was considerable improvement 
during puberty. 

the present family the myopathic condition non-progressive. 

(7). must admitted that the tendon-jerks often return amyo- 
tonia congenita and that they not myopathy. 

the two further distinctions advanced Collier and Holmes, the 
first that amyotonia congenita affects especially the periphery the limbs 
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certainly not true considerable number the cases where the 
hypotonia extreme round the larger joints, although their second point, 
that spread the disease one muscle another usually occurs 
myopathy and not amyotonia congenita, seems true. This 
revaluation the distinctions made between the two diseases show that 
the apparent differences between them are considerably less than was 
thought Collier and Wilson. 

study the family recorded this paper and the case reported 
Silvestri (1909), shows that the clinical syndrome described amyo- 
tonia congenita can without doubt reproduced cases congenital 
myopathy, which confirms the view which Batten maintained 
persistently. 

AMYOTONIA SPINAL ORIGIN. 


1914 Spiller suggested that amyotonia congenita was symptom 
complex which might result from purely muscular lesions might 
associated with changes the anterior horn cells; and 1920 Krabbe 
also separated cases amyotonia into two groups: the first, which 


‘called true amyotonia congenita, was not familial and had relatively 


good prognosis, and the second, which called congenital progressive 
spinal muscular atrophy, was heredo-familial disease and was character- 
ized generalized muscular atrophy and poor prognosis. 

recent years interest has passed from the relationship amyotonia 
congenita myopathy, and has been concentrated its relationship 
the Werdnig-Hoffmann type spinal muscular atrophy. The original 
suggestion that the two diseases were inseparable was made Wimmer 
(1907). Greenfield and Stern (1927) and Cornelia Lange (1937) stress 
the similarity the pathological changes the two diseases, which con- 
sist essentially changes the anterior horn cells, while Grinker (1927) 
asserts that there clear clinical distinction between them, the two 
diseases merging into one another. Our family throws light this 
aspect the problem, and must accepted from the post-mortem 
evidence that many cases which present childhood amyotonia con- 
genita are suffering from affection the anterior horn cells. number 
cases amyotonia congenita, however, have been reported which 
careful pathological examination the central nervous system has shown 
spinal abnormalities, the changes found being confined the muscles. 
Some doubt has been expressed about the case recorded Spiller (1904-5) 
because the child was said have squint and have paralysis 
deglutition, but Griffith and Spiller (1911) later paper state that the 
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squint was concomitant one and not due nerve palsy and that there 
was paralysis deglutition. Later cases with normal spinal cords have 
been reported Lerebouillet and Baudouin (1909), Councilmann and 
Dunn (1911), Haushalter (1920), Silberberg (1923), and Menges (1931). 
These reports show from the pathological aspect that only proportion 
cases amyotonia congenita are suffering from affection the 
spinal cord. 

The conclusion must reached, was indicated Spiller (1914) 
that amyotonia congenita symptom rather than disease, and that 
may caused either congenital myopathy the family reported 
here, spinal affection unknown which bears close 
relationship the Werdnig-Hoffmann disease. The present family not 
unique, Silvestri’s case shows, and probable that careful follow- 
could made cases diagnosed infancy amyotonia congenita, 
proportion them would early adult life present the clinical picture 


non-progressive myopathy. 


(1) The study affected family has shown that the clinical picture 


amyotonia congenita infancy may change that non-progressive 
myopathy adolescence. 
(2) Views the nature amyotonia congenita have been discussed. 
(3) The conclusion reached that the clinical picture amyotonia 
congenita may produced either congenital myopathy spinal 
affection which related the Werdnig-Hoffmann disease. 


wish thank Dr. Macdonald Critchley, who has been interested 
the family recorded this paper for some years, and who has helped 
considerably the preparation the paper, and Dr. Walshe for 
supplying the photographs. 

APPENDIX. 
THE FaMILy. 
The Family. 

Father one eight siblings, whom two died pulmonary tuberculosis and 
one had tuberculous hip. niece the father’s was the National Hospital 
1911 with acute poliomyelitis, otherwise there known nervous muscular 
disease the father’s family. The father himself healthy man. 

Mother one five siblings. known nervous muscular disease her 
family. She healthy woman and examination 1938 showed muscular 
wasting weakness contracture the hands. 


The Children. 
(1) girl. She said have been healthy child who died when aged 


months whooping-cough. 
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(2) girl, now aged 32. Birth weight was she was healthy child who 
developed normally. examination 1938 there was muscular wasting 
weakness the tendon-jerks were all present and there was contracture the 
hands. She married and has child aged who said normal. 

(3) stillbirth. The birth weight was the presentation was breech 
and the child was strangled during delivery. 

(4) boy. Birth weight was non-instrumental delivery. was small 
baby but otherwise seemed healthy, but did not learn stand walk the 
proper time instead shuffled along the floor sitting down. was able use 
his hands normally. was admitted the National Hospital under Dr. Risien 
Russell February, 1913, when aged 

examination was small for his age. There was considerable hypotonia 
the limbs and trunk, and when was held the armpits slipped through 
the hands. There was localized muscular wasting and power was fairly good 
far could tested. The supinator and triceps jerks were just obtainable, the 
biceps and knee jerks were doubtful, and the ankle jerks were normal. The plantar 
responses were flexor. 

was quite unable stand and his legs collapsed under him when was held 
his legs. There was spinal defurmity. 

After this improved, and when examined 1915 (aged was able 
walk quite well with slight lordosis. 

examination the sternomastoids and the lower part the pectorals were 
absent. There was weakness the lower part the trapezii and free winging the 
scapulz. The knee and ankle jerks were present. 

was not examined again till 1938, when aged 29. During this time had 
been well and was now earning his living working nursery garden. His only 
complaint was that sometimes had pain the lower his back. 

examination had weakness the face jaws. There was extreme 
wasting and weakness the sternomastoids. the arms there was moderate 
wasting and weakness the trapezii and the spinati marked wasting and weakness 
the serratus magnus, the pectorals and the triceps the latissimi could not 
felt coughing. The deltoids and the biceps were normal. There was slight 
contracture the little finger the left hand and some over-extension the 
metacarpo-phalangeal joints and flexion the inter-phalangeal joints all the 
fingers without definite contracture. weakness the trunk muscles was found. 
Slight weakness flexion and extension the hips and knees, but weakness 
the ankles. There was hypotonia. The triceps and knee jerks were absent and 
the other jerks present. Gait was normal without lordosis. 

girl. Birth weight 534 non-instrumental From birth her 
limbs were said drawn up. 

She was first examined the National Hospital when aged years 1913. 
There was marked hypotonia and she was quite unable stand walk she could 
rise with difficulty sitting position. Limbs were fair power and tendon- 
jerks could obtained. 

She was admitted under Dr. Batten 1915 when aged All the muscles were 
flabby and hypotonic and the trunk could bent extraordinary degree. The 
child sat with thighs flexed the hips and legs flexed the knees, position 
general flexion. The child could folded and placed all manner 
abnormal positions. She could not stand. There was localized muscular wasting. 

The ankle-jerks were present but the other tendon-jerks were not obtained. 
Electrical reactions showed that all muscles reacted well faradism and galvanism. 

She improved while hospital, and when discharged eight months later she 
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was able walk waddling manner with the head thrown back the marked 
hypotonia was still present. 

was next under Dr. Risien Russell 1924 when aged 13. There 
had been considerable improvement since 1915 and she was able walk. con- 
tracture the fingers both hands had appeared which had started 1916 and 
had gradually become worse. 

examination there was longer hypotonia. There was considerable wasting 
the sternomastoids and trapezii, and some wasting all the shoulder girdle 
muscles and the triceps and winging the Fore-arms were normal but 
the hands were flattened and showed slight atrophy the thenar eminences. There 
was contracture all the fingers, which were the inter-phalangeal joints 
and extended the metacarpo-phalangeal joints. 

The biceps, triceps and knee-jerks were absent, the other jerks present. There 
was kypho-scoliosis the lower dorsal region. She was re-examined 1938. She 
had been working for some years wireless factory and her only complaint was 
that her back sometimes felt weak and let her down. 

examination she was healthy, with weakness. 
was normal. The sternomastoids were almost completely absent. 
marked wasting and weakness the trapezii, spinati, serratus magnus, latissimi, 
pectorals, deltoids and triceps. The biceps were normal size and good power. 
Fore-arm muscles were normal power but there was contracture all the 
fingers, more marked the left hand, similar that seen 1924. wasting 
the intrinsic hand muscles. 

There was some weakness the back and she could not rise from lying 
sitting position without help. the legs there was wasting, but slight weakness 


flexion and extension the hips. 
The triceps and knee jerks were absent and the other jerks present. She walked 


The muscular tone 
There was 


with definite lumbar lordosis. 


September, 1939, she was delivered healthy child birth weight 

(6) girl. Birth weight not known, but she said have been very small. 
Non-instrumental delivery. 

She was examined the National Hospital when aged months and was 
found wizened, ill-nourished child Ib. There was marked hypo- 
tonia and tendon-jerks could obtained. She was admitted under Dr. Batten 
1915 when aged 

There was still marked hypotonia and she was unable stand walk. When 
effort was made put the child her feet the trunk dropped forward and the 
legs flexed. localized wasting was found. The ankle-jerks were present but 
the other jerks were absent. She improved hospital and eight months later she 
was able walk with occasional tumbles. 

She was not examined again till 1938, when she was 25. She was earning her 
living housework and had symptoms. She was found have marked wasting 
the sternomastoids and the triceps, and moderate wasting and weakness 
the trapezii, spinati, pectorals, latissimi, serratus and deltoids. She had the charac- 
teristic contracture the ring and little fingers both hands. 

The legs were normal, except for slight weakness flexion and extension 
the hips. The triceps and knee jerks were absent and other jerks present. She 
walked with slight lumbar lordosis. 

(7) girl. Birth weight Normal delivery. 

The child did not try sit till nearly years old she had always been able 
move her legs but never kicked strongly. She was admitted under Dr, Batten 
1916, when aged She was very small child for her age. She was jaundiced 
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and the liver and spleen were enlarged. enlarged lymph glands. All muscles 
were soft and flabby and there was marked hypotonia. paralysis but all move- 
ments were feeble. The knee and ankle jerks were absent and the plantars flexor. 

The jaundice disappeared while she was hospital and her condition improved 
and she was able sit herself but not stand when discharged seven months 
later. 

She died measles few weeks after leaving hospital. 

(8) girl. Birth weight Ib. She developed normally and when examined 
1938, when aged 23, she showed wasting, weakness contracture. All jerks 
were present. 

(9) boy. Birth weight said perfectly well. 

(10) girl. Birth weight Forceps delivery. Born with weakness and 
atony all muscles, arms less affected than legs. After the age year there 


was gradual slow improvement. 
She was admitted the National under Dr. Risien Russell 1924 when she 


was years old. 

There was marked hypotonia ‘of the limbs and trunk. The muscles were not 
wasted and were fair power, except that there was winging the The 
biceps and triceps jerks were absent and the other jerks present. She had difficulty 
sitting up. 

After this she slowly improved and she was admitted again under Dr. Critchley 
1931, when aged 11. She still had some difficulty running, she seemed trip 
over things more than normal. 

examination there was longer hypotonia. Facial movements normal. 
There was marked wasting the sternomastoids, pectorals, serrati, latissimi and 
triceps, and slight wasting the trapezii, deltoids, spinati, and the thenar muscles. 
There was winging the scapulz. Power was proportional the wasting. Some 
weakness the erector spinz both sides. The legs were thin but there was 
localized wasting weakness. 

The triceps-jerks were absent, the biceps, supinator and knee-jerks were just 
obtained and the ankie-jerks were normal. She walked with slight waddle and 
lumbar lordosis. There was also slight enlargement the heart and aortic systolic 
and diastolic murmurs were present, 

During the next sever) years she had two attacks rheumatic fever which neces- 
sitated her spending good deal time bed, and April, 1938, she was 
readmitted under Dr. Critchley suffering from rheumatic fever. 

examination there was considerable dyspnoea and evidence mitral stenosis 
and aortic regurgitation. When the cardiac condition had settled down sufficiently 
for examination the nervous system, she was found have practically absent 
sternomastoids, pectorals and latissimi and triceps, marked wasting the spinati, 
trapezii, serrati and deltoids and slight wasting the biceps, rhomboids and fore- 
arm muscles. There was flattening the thenar eminences and the typical con- 
tracture the little finger the right hand. There was localized wasting 
the legs but there was some weakness flexion and extension the hips and knees. 

The triceps and knee-jerks were absent and the other jerks present, the ankle- 
jerks being considerably brisker than the others. Plantar responses were flexor. 

After four months hospital she was able walk fairly well with slight 
lumbar lordosis. 

Electrical reactions the muscles were normal. 

biopsy the left triceps was made. The sections show chiefly fatty and 
fibrous tissue. the latter there are very few thin muscle fibres and one large 
muscle fibre, cut obliquely, was also seen. The nerves appear well myelinated, 
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but the only muscle spindle seen was rather degenerated. The small muscle fibres 
remaining show trace cross striation. From the extreme scantiness fibres 
impossible say whether the condition myopathic not. 

(11) boy. Birth weight was perfectly normal boy, and when 
examined 1938 (aged 16) abnormality was found except that the triceps did 
not seem quite strong relatively the other muscles and the triceps-jerks were 
more sluggish than the other jerks. 

(12) girl. Birth weight She has developed normally and examination 
1938 showed the same signs Case i.e. slight weakness the triceps and 
rather sluggish triceps-jerks. 

(13) girl. Birth weight not known, but she said have been very small. 
She was born with contracture the hips and her mother says that her condition 
after birth was like that the other affected children. She died suddenly aged 


months. 
(14) boy. Birth weight developed normally, and when seen 
1938 showed muscular wasting weakness and contracture. All the jerks 


were present and normal. 
(15) miscarriage months. This the only miscarriage which the 


mother had. 
voluntary percussion myotonia was present any the family examined 


1938. 

The mother says that she was able tell which children would affected before 
birth the foetal movements were much less than with the normal children. Labour 
was always prolonged with the affected ones and they were the whole smaller 


babies than the normal ones. 
The affected children were perfectly limp after birth and they could easily 


up. Their heads used loll about unusual way. They never used 


their legs till they were about months old, and when they were about they 
started crawl about sitting posture. 
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THE TOLERANCE THE BLOCKED GALENIC SYSTEM 
AGAINST ARTIFICIALLY INTRAVENOUS 


PRESSURE. 


SCHLESINGER 
(From the Department Human Anatomy, Oxford.) 


previous paper (Schlesinger, 1939), which was based acute 
experiments, the consequences the occlusion one the small veins 
Galen were discussed. result the occlusion, unilateral hyper- 
zmia developed certain parts the brain-stem ‘and the hemispheres 
all three animals operated upon, and small occurred 
the caudate nucleus the side the operation one them, but 
there was hydrocephalus. 

More recently operations were carried out another three animals 
the author. One these was killed after four months, the second after 
months, the third died after four weeks. two animals the intra- 
venous pressure had been artificially raised. 

increased rate formation cerebrospinal fluid and correspond- 
ing increase the size the ventricles seemed well-established 
fact after Dandy and Blackfan (1914) and Gulecke (1930) had reported 
their findings. However, more recent investigations carried out Bedford 
(1934) and the author (1939), failed confirm the results the previous 
workers. 

TECHNIQUE. 

Experiment right small vein Galen was coagulated rhesus monkey 
the manner described the previous communication. There was some swelling 
the right hemisphere, but the wound could closed without difficulties. After the 
animal had recovered from the operation did not show any neurological symptoms 
except for some slight and transitory weakness its left upper and lower extremities. 
order test the ability the venous system which had been deprived one 
its main outlets cope with acute rise intracranial pressure, the animal 
was given series cardiazol injections intravenously, which caused 
generalized epileptic convulsions. After regaining consciousness the monkey gave 
new and unaccustomed surroundings. preceding phase the animal would 
bite and grasp the floor its cage which was lying with its upper extremities, 


the lower ones being limp. After three four hours, however, the animal was 
quite normal and did not show any neurological symptoms. The first attack, which 
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lasted only about twenty seconds, had been brought about the injection 
0-25 cm. cardiazol one the ear veins. Later the dose was increased 0-5 cm. 
and the injections were given one the saphenous veins. Later on, this amount 
had further increased the animal developed resistance against the drug. 
After the eighth injection (1-5 cm. cardiazol) violent attacks occurred quick 
succession, which caused the death the animal. the short intervals between 
the attacks there was very marked hyper-excitability cutaneous stimuli, seen 
animals poisoned with strychnine. 

autopsy, few fresh subarachnoid hemorrhages were found underneath the 
bone-flap where, under the influence increased intracranial pressure, the walls 
the vessels could expand more easily. Coronal sections the level the anterior 
horn and the cella media did not show any changes, but the ventricular cavity was 
found considerably enlarged the level the descending part the cella 
media the side the operation (fig. 1), the thickness the corpus callosum 
(which had been split this region blunt dissection) being reduced about 
one-fourth its original size. 

Experiment 2.—In second monkey, the splenium the corpus callosum was 
split and the great vein Galen, the topography which quite similar the 
-same vessel man, touched with blunt dental needle which very 
weak coagulating current was conveyed. The vessel shrank gradually until there 
remained only tiny bridge tissue connecting the central and the peripheral part 
the vein. This piece tissue was eventually destroyed, too, the strength the 
current having been increased, and there was distinct gap between the two 
stumps. Following this, the coagulation was carried farther towards the periphery 
along the right small vein Galen include the opening the right basilar vein. 
When the peripheral part the vein was sealed the whole right lateral and superior 
surface the pineal gland was exposed, but the suprapineal recess was not opened 
cerebrospinal fluid escaped from the third ventricle. Immediately following 
the occlusion the vessel there was tremendous increase the size the 
surface veins and the brain enlarged such extent that the two bone-flaps were 
floating its surface, and there was gap between their inner margins well 
exceeding cm. They could not sutured position, but the skin was closed 
the usual way without bringing undue pressure the brain. The animal quickly 
recovered from the operation and was quite normal throughout the period obser- 
vation, which lasted over seven months, except for the first three post-operative days 
when some general slowing-up was observed. was given series 
cardiazol injections like the first monkey, but they were stopped when this 
animal, too, developed resistance against the drug. autopsy the brain sur- 
face looked normal and there were only few adhesions the operative field, but 
signs subarachnoid The ventricles were not dilated. Histo- 
logical study the brain (with the methods Nissl, Spielmeyer, and Holzer) 
showed abnormal structure. 


order get some information the consequences the occlusion 
the great vein Galen and the anatomical conditions the Galenic 
system lower mammals (quite apart from their tolerance against 
increased pressure), the great vein Galen was coagulated rabbit 
(Experiment with some difficulty. 


The opening the vessel into the sinus lies very close the surface, immediately 
under the dura, but the vein very short and thin-walled relation its large 
calibre. There was prolonged and troublesome bleeding from the thick bone over- 
lying the vessel, and the exposure the vein, and probably its occlusion, too, was 
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not nearly complete the monkey, but following the application the 
electric current the brain expanded and the two veins converging towards the 
occipital pole either side were markedly congested. The animal seemed 
quite normal and was killed months after the operation. autopsy, thin, 
thread-like vein was found between the superior colliculi, the relations which 
resembled those the great vein Galen. was apparently small accessory 
vein, the presence which had escaped attention operation, but which gradually 
expanded, taking over some the blood drained previously the large vein. The 
ventricles were not dilated. 

Experiment 4.—A rabbit was injected with Indian ink through the aorta, the 
vessels having been washed previously with hot saline solution. The brain was 
embedded celloidin and cut serial sections 250 thickness which were 
counter-stained with reconstruction the vascular system the 
thalamus was made, which will more fully described elsewhere. may only 
noted that there was very large extrathalamic anastomosis between the small 
vein Galen and the basilar vein either side—which was probably made ineffec- 
tive the animal operated upon—as well intrathalamic anastomotic channels 
either side the mid-line the region the third ventricle. 


Fic. section the brain monkey, showing paramedian lesion 
the splenium the corpus callosum and dilatation the posterior part 
the body the lateral ventricle the operated side. Pickworth’s stain. 25.) 


The effect the occlusion one the larger intracranial 
venous channels transitory congestion the venous system which 
transmitted the capillaries the choroid plexus, the brain-sub- 
stance, and even the retina, evidenced the not uncommon occur- 
rence choked disk after ligation the sigmoid sinus. 

Bedford (1934) found hydrocephalus his experimental animals 
(monkeys and dogs) which were killed six weeks after the operation, but 
surmised that hydrocephalus might have been present immediately 
following the occlusion the vein. This seems unlikely, however, 
the ventricular system our first series animals, reported previously, 
which either did not survive the operation were killed within twenty- 
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four hours respectively, showed abnormality the ventricles. The 
findings the monkey, which was killed after seven months, suggest that 
late chronic changes take place the brain, and that once the 
anastomotic channels have adjusted themselves, normal conditions 
drainage take place and become quite stabilized. would seem that even 
sudden heavy rise blood pressure, repeated periodically, causes 
more than transitory hyperemia. The circumscribed dilatation affecting 
the descending part the cella media the first monkey (fig. was due 
the irritation the ventricular wall the side operated upon, and 
cannot regarded result increased intracranial intravenous 
pressure, for extensions the ventricle towards localized lesion, even 
situated far away, the brain surface, are quite commonly observed 
head injuries without increased pressure. The findings the rabbit 
may perhaps not considered quite conclusive, although the richness 
anastomoses found the injected animal would explain the absence 
hydrocephalus even the vein Galen and the small vessel its 
neighbourhood had been completely cut off from the venous circulation. 

In: spite the entirely negative results the recent investigations, 
the findings the previous workers who studied the question hydro- 
cephalus following the occlusion the vein Galen should not 
disregarded. fair assume that the cases which hydrocephalus 
did occur the anastomoses were probably poorly developed, variations 
the distribution veins are known comparatively frequent and 
that, result the congestion the capillaries the plexus, transuda- 
tion fluid into the occurred. 

The effect the increased venous pressure upon the capillaries the 
brain-substance considerable clinical importance. There were, 
already mentioned, some small subependymal bleedings one our 
experimental animals (fig. 3b). The consequences prolonged 
congestion, occurring closed skull, however, may much more 
severe, evidenced the cases birth-injuries, reported 
and Fink (1927), where large parts the basal ganglia were destroyed 
massive hemorrhages, corresponding the territories larger veins 
found this region. birth-injury, represented least three 
foci shrinking post-hemorrhagic scar tissue, was probably the 
the peculiar irregular outline the caudate nucleus seen the radio- 
gram figs. and 3b. other cases birth-injury the changes 
due the disturbance the venous circulation are much smaller and 
more diffuse nature, according Lotmar (1932), who bases his 
opinion the findings Meyer (1927). These conditions resemble 
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q 
Fic. showing irregular outline the head the caudate 
nucleus and dilatation the anterior horn the lateral ventricle the right side. 


Fic. 3a. Fic. 


Fic. showing the outline the anterior horns the lateral 
ventricles and the caudate nucleus seen the radiograph fig. The dots 
indicate the localization lesions causing shrinkage the caudate nucleus. 

Fic. section the brain monkey which lesions (the positions 
which are indicated dots) were produced the caudate nucleus following 
experimental occlusion the vein Galen the corresponding side. 
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cases status marmoratus, and are explained the degeneration 
groups ganglionic cells and the compensatory hypertrophy degene- 
rating myelinated fibres the corpus striatum. would require experi- 
mental work new-born animals support this theory there 
experimental and clinical evidence differences between the tissues 
the immature brain and those adult individuals. 


SUMMARY AND CONCLUSIONS. 


(1) monkeys which the blood-flow through the vein Galen 
had been partially completely blocked, and which survived the operation 
seven months, were killed overdose cardiazol, hydro- 
cephalus was present, although the venous pressure had been repeatedly 
increased epileptic seizures. 

(2) Internal hydrocephalus, result purely mechanical obstruc- 
tion the vein Galen adults, seems occur very rarely the occlu- 
sion the vein the resulting rise intravenous pressure compensated 
numerous anastomoses, and probably also the large decompression 
which necessary order expose the vein. 

(3) The conditions are different the new-born whose brain has been 
subjected unduly protracted intravenous pressure birth and more 
vulnerable, the region most likely affected being the soft substance 
the basal ganglia. 


wish express thanks Dr. Meyer who carried out the 
histological examination, and the Nuffield Committee for the Advance- 
ment Medicine which provided grant for this investigation. 
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INTRACRANIAL HYDATIDS. 
CHARLES LANGMAID AND LAMBERT 


Our interest this subject was stimulated the recent occurrence 
this clinic case which were prompted record account 
the problem diagnosis which presented and also because the com- 
parative rarity the condition. The patient gave long history cere- 
bral symptoms following head injury, but their recent exacerbation 
together with failure vision suggested intracranial tumour. 
operation, two large hydatid cysts were found the left frontal lobe. 


steelworker, aged 21, had suffered from fits since the age 13, when had 
been hit the head football and had lost consciousness. Fits had followed 
recovery consciousness and had recurred irregular intervals since. used 
have feeling that one was starting his limbs would dead” and about 
one minute would lose consciousness. Five years before admission 
weakness his right leg and complained its throwing when walked. 
spite this good health was maintained until ten months before admission, when 
noticed weakness the right arm and was given lighter work do. con- 
tinued working until six months before admission, when was sent his doctor 
the local hospital, where received treatment. There was improvement, his 
eyesight was deteriorating and was having severe frontal headaches and 
April was transferred Cardiff. 

Examination showed good general condition, right spastic hemiplegia, including 
face and tongue, intense and almost complete blindness. Cerebration 
was slow and had difficulty finding words express himself. The X-ray 
examination the skull showed opening the sutures unusual his age (figs. 
and 2). Leucocyte count 12,000 (eosinophiles 1-5 per cent.). 

April under local left fronto-parietal osteoplastic flap was 
turned down. ‘The dura was tense, and when small incision had been made and 
brain needle inserted the direction the lateral ventricle, limpid fluid under 
considerable pressure was encountered. This was drained away slowly order 
reduce the pressure gradually. The dura then became very slack and was thought 
that traumatic cyst was present. This suspicion was strengthened when the dura 
was opened and thin crumpled cortex revealed. After some arachnoid adhesions 
had been divided and number congested cortical veins ligated, the cortex was 
incised with the diathermy knife and immediately below the surface collapsed 
whitish cyst was revealed, lying cavity about cm. diameter: its wash-leather 
type lining once suggested that was This cyst was removed 


From the Surgical Unit, Welsh National School Medicine, Royal Infirmary, 
Cardiff. 
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oval 


Fics. and 2.—X-rays the skull show 
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blunt dissection with cotton-wool pledgets and then another smaller cyst cm. 
diameter and slaty blue colour was seen front it. The second cyst was 
removed, but unfortunately ruptured during removal. The cavity from which the 
cysts had been removed was mopped out with per cent. formalin and when absolute 
hzmostasis had been secured the dura was sutured, the bone flap replaced and the 
scalp sutured two layers the usual technique, leaving small rubber drain 
extradurally. Both cysts were unilocular and contained many scolices (fig. 3). 
Apart from some difficulty speech his condition improved after the operation 
and there was return power his right arm and leg but improvement 
vision. About week after the operation there was decided deterioration his 


Fic. 3.—Appearance cysts after removal. 


mental condition and later became stuporose, with running pulse and flushed 
toxic appearance. (His temperature during this time varied between 99° and 
102° F.) There had been some bleeding from the wound and was taken 
the theatre, where bleeding point was controlled. was given blood trans- 
fusion, but spite this became worse and died the fourteenth day after 
operation. 

Autopsy showed that the cavity the brain contained only small amount 
clot. Careful section the showed other cyst. The dura and arachnoid 
over the left frontal lobe showed localized sero-purulent meningitis. 

The lungs showed purulent bronchitis. cysts were found any other 
organs the body. 


Even those countries where hydatid disease common echino- 
coccosis the brain essentially rare condition (Dew, 1934; Divry 
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al., 1933 and Vlavianos, 1937). the English literature the 
only two cases that have been described occurring this country are those 
Nedwill (1898) and Caley (1903), although Escher (1891) and Fleming 
and Bury (1919) have reported cases occurring Professor 
Turnbull personal communication has described one case which has 
occurred the London Hospital the last thirty years. Two other cases 
have been recorded the Cardiff Royal Infirmary but have been unable 
trace the clinical records.! 

The following figures give some impression its frequency com- 
pared with hydatid disease other situations. Dévé (1933) gives per 
cent. for hydatids the brain against per cent. the liver. Mollow 
(1927) Bulgaria described 111 cases hydatid disease which only one 
occurred the brain. Barnett (1936) quotes figures from the Australian 
Hydatid Registry and out 428 cases only five were the brain (249 
the liver) while and Cranwell (i901), out 952 cases operated 
Buenos Ayres, found only the brain (641 the liver). Dragonas 
and (1937), series 110 cases hydatid disease, describe 
only two the brain. Neisser (1877) gives per cent. and Madelung 
(1885), per cent. Henneberg (1912) sums saying that the 
frequency varies between per cent. and 9°87 per cent., the greatest 
relative frequency being observed Australia. Cushing (1932) his 
series 2,000 intracranial tumours only describes two cases and these were 
multiple and probably secondary nature. Ley and Walker (1936) 
recorded only one case out 230 intracranial 

Although patients suffering from hydatid disease are mostly middle- 
aged, the average age the patients with echinococcosis the brain 
remarkably low (Henneberg, 1912 Divry al., 1933). This probably 
explained the fact that infection with tania ova occurs mostly child- 
hood when there lack caution dealing with Statistics show 
that seven times more common children than adults (Hailes, 
1936). 

The cyst nearly always solitary the brain but associated with 
cyst the liver per cent. cases (Dew, Hailes, 1936). That 
the cyst solitary due the fact that the parasite has negotiate 
the capillary network the liver and lungs before can reach the 
systemic circulation (Divry al., 1933). Owing the relatively large 

Hydatid disease probably more frequent Wales than any other part 


the British Isles. The Registrar-General’s statistical review for the period 1931- 
1935 shows the deaths England and Wales from hydatid disease 


and respectively. 
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size the carotids young subjects large proportion the embryos 
then reach the brain where most commonly they the cerebral 
hemispheres (Dew, 1934). Cysts are rare the base the brain and have 
not been seen the medulla, pons thalamus (Henneberg, 1912). The 
parasite grows slowly and owing the adaptability the young skull 
considerable time may elapse before any symptoms appear (Mudd, 1892 
Morquio, 1922; Dew, 1934). may reach enormous size and cases 
have been described which practically the whole hemisphere had been 
destroyed (Bertrand, Yates and Kotsonopoulos). 

The cyst nearly always primary, particularly children (Dévé, 1919) 
while multiple cysts are rare.and tend occur adults being almost 
always secondary rupture primary cyst the left ventricle (Frangen- 
heim, Morquio, 1934; Dew, 1934). some cases the 
situated between the dura and the skull (Schlagintweit, 1905) and 
such case occurred the London Hospital 1924 (Turnbull). Henneberg 
(1912) states that cysts are rare the eye the orbit and only one has 
been described the optic nerve (Papaioannou, 1907). 

From the clinical standpoint diagnosis not often made but hydatid 
may thought those countries where the disease common 
(Estéves, 1899 Divry al., 1933 Dew, 1934). Morquio (1903) has called 
attention the fact that the disease begins rule with convulsions and 
hemiparesis. Further characteristic points are, localization the head- 
ache (Vegas and Cranwell, 1901 Mingazzini, 1910), good general condi- 
tion, increase the size the head (Verco, 1889), local bulging the 
skull overlying the cyst (Francke Verco, Mudd, 1892 Rennie and 
Crago, 1900; Morquio, 1922), together with thinning the bone which 
some cases progresses perforation. Rennie and Crago (1900) noticed 
peculiar resonance percussion the region the cyst. similar 
observation was made Estéves (1899) who also noticed that pressure 
the bulging thinned-out area produced aggravation the pressure sym- 
ptoms even caused epileptiform convulsions. Oppenheim (1902) noted 
that movement the head intensified the headache. some cases 
psychical symptoms are prominent. 

addition the clinical examination some assistance may got 
from laboratory investigations but these are not useful this field 
the diagnosis hydatid disease other parts the body. The Casoni 


This the common position spinal hydatids. The cysts are usually extra- 
dural but may invade the bone case operated upon one 
1937. cysts invaded the body the fourth thoracic vertebra and caused 
extradural compression paraplegia this level man aged 20. 


| | 
4 
| | 


INTRACRANIAL HYDATIDS 189 


test often negative equivocal (Divry al., 1933 Dew, 1934 Morquio, 
1934 Hailes, 1936 Dragonas and Vlavianos, 1937 Patrikios al., 1938), 
and the specific complement-fixation reaction (Weinberg, 1909) simple 
cysts generally, little value (Dew, Patrikios al.). Eosinophilia not 
constantly found and Henneberg (1912) and more recent writers suggest 
that its value overrated. 

will thus seen that except hydatid countries not common 
for the lesion diagnosed before operation, but this has been done 
certain cases where during ventriculography the cyst has been entered 
and its air-filled cavity seen the X-ray plate (Dew, 1934 Dragonas and 
1937 Kondoleon and Dragonas, 1936 Patrikios al., 1938). 
This procedure which has been called Aerocystography (Dragonas) 
Pneumography (Patrikios) appears quite safe although earlier writers 
describe dangerous and carrying with the risk rupture into the 
ventricles with probable fatal results (Brailsford, Divry, 1933). 

Nowadays the treatment choice operative removal and this should 
not present undue difficulties (Hailes, 1936 Patrikios al., 1938) modern 
methods are followed. case described Caley (1903), after trephin- 
ing the cyst was discharged spontaneously few days and similar 
result followed incision case Westphal’s (1873). 

One must against infection the field with scolices 
and also desirable decompress the cyst slowly. Neglect this latter 
precaution was thought the cause death case described 
Francke. Dew (1934) suggests injection c.c. commercial forma- 
lin sterilize the scolices but the cyst has actually bared the ventri- 
cular wall, protoplasmic fixative like formalin may inadvisable. Even 
so, every effort should made means suction, &c., clear out all 
the hydatid elements and then sterilize the greater part the cavity 
with pledgets moistened with Zenker’s fluid.” 

care taken this way there should small risk any recurrence 
the condition and the prognosis good, spite the discouraging 
view Estéves (1902) the beginning this century. 

cysts, both which must have been primary and due the simultaneous 
implantation two embryos. The history injury obtained from the 
patient was misleading but there are similar instances described Verco 
(1889), Nedwill (1898) and Rennie and Crago feature 
which has been commented upon both older writers and more recent 
papers the persistent temperature following the operation (Mudd, 1892 
Estéves, 1899; and Patrikios al., 1938). 
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our case the diagnosis was not suspected until one the two cysts 
the frontal lobe was entered the exploring needle and then confirmed 
when the fluid was examined and incision through the cortex with the 
endothermy knife revealed the wash-leather lining characteristic 


hydatid cysts. 
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STUDY CORTICAL METABOLISM RELATION 
CEREBRAL DISEASE. 


KENDAL CARTWRIGHT DIXON. 
(From the Physiological Laboratory, Trinity College, Dublin.) 


likely that alterations the metabolism the nerve centres 
produced pathological changes the brain may responsible for 
some the symptoms and signs organic nervous disease. was 
suggested (Dixon, 1939) that the signs irritation produced intra- 
cranial hemorrhage, and the convulsions Stokes-Adams attacks, are 
produced increase the sugar consumption the neurones consequent 
upon Stone (1938) also has suggested that the convulsions 
cyanide poisoning are due increased tissue activity with increase 
lactic acid formation. The present communication describes how 
various conditions can affect the rate carbohydrate metabolism both 
rabbit and human cerebral cortex. The results obtained serve explain 
some the manifestations intracranial disease. The results the 
experiments with human cortex are also interest the first data’ 
the rate metabolism this tissue vitro. 


(1) Porasstum Ions THE AEROBIC METABOLISM 


The addition excess potassium ions enormously increases the 
rate consumption glucose slices cerebral cortex immersed 
oxygenated Ringer’s solution. This effect has been shown consist 
increase both respiration (oxygen absorption) and aerobic lactic acid 
production (Ashford and Dixon, 1935, Dixon, 1936). The amount 
potassium chloride generally employed was such increase the con- 
centration ions the Ringer’s solution mols. per litre. With 
lower concentrations added potassium, however, this same effect also 
encountered. fact the effect the aerobic glycolysis was previously 
observed slight degree concentration molar added ions. 
More recently has been found that the dual effect added ions in- 
creasing both respiration and aerobic glycolysis (lactic acid production) 
markedly evident concentrations molar and molar and 


preliminary note this subject appears Nature (vide Dixon, 1939). 
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even molar. This will clear from the following table results 
showing the effect various additions potassium chloride the respira- 
tion and glycolysis the cerebral cortex the rabbit. both respira- 
-tion and glycolysis are stimulated clear that glucose consumption 
also increased (vide Dixon, 1936) 


Molarity of K ions 
added normal Ringer 0°00 


Rabbit Qo, 10-2 


The quotient Qo, represents respiration cubic millimetres absorbed per 
milligramme dry weight tissue per hour. 
The quotient represents aerobic lactic acid production cubic millimetres lactic 


acid expressed gas N.T.P. produced per milligramme dry weight tissue per 
hour. 


The results were obtained the two-vessel method Warburg (1924). 

The slices rabbit cortex were shaken bicarbonate Ringer containing 0-2 per cent. 
glucose and were incubated 37°C. atmosphere O,95 and Co,5 per cent. 

The above results demonstrate that increase the potassium content 
the fluid surrounding the neurones has remarkable effect stimulating 
their metabolism. 

Now has been shown that potassium ions stimulate isolated autono- 
mic ganglia (Feldberg and Virtiainen, 1934) and also increase their output 
acetyl choline (Brown and Feldberg, 1935). Furthermore, immersion 
spinal cord Ringer containing acetyl choline causes the liberation 
potassium ions and has even been suggested that this liberation 
potassium ions the mechanism the action acetyl choline (Duliére 
and Loewi, 1939). 

would seem probable that the action potassium ions 
stimulating nervous activity intimately associated with the action 
these same ions stimulating neuronal metabolism. From this would 
follow that the rate discharge nerve cell dependent its meta- 
bolic rate—a supposition which borne out further evidence presented 
below. 

Interference with the supply oxygen the brain, although ultimately 
producing cessation nervous activity often initially causes irritation and 
increased activity the neurones. This well exemplified the irrita- 


13-0 148 
16-1 
13-2 106 
20-9 18-9 
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tive phenomena which precede paralysis intracranial 
(extradural, subdural, subarachnoid and sometimes cerebral 
traumatic delirium (due cerebral cedema), and also 
the clonic spasms associated with Stokes-Adams fits and vaso-vagal attacks. 
Convulsions are also produced ligation the carotids animals and 
hypertensive cerebral attacks man (where angiospasm possibly 
the causal factor). Further, result the progressive local 
the vicinity intracranial neoplasms, stimulation the centres affected 
the lesion sometimes precedes paralysis. all these cases likely 
that diminished oxygenation the cells the cause irritation. 

Now known that deprivation oxygen increases both the destruc- 
tion glucose (Dixon, 1936) and the production lactic acid (Warburg, 
Posener and Negelein, 1924) cerebral cortex vitro. seems likely 
that this increase carbohydrate metabolism associated with the increase 
nervous activity which have seen the initial result cerebral 
These results the effect anaerobiosis stimulating carbo- 
hydrate metabolism were obtained with the brain the rabbit and rat. 
can argued that results obtained with animal tissues are not applicable 
human material. However, have recently obtained similar results em- 
ploying human cerebral cortex. This material was kindly given Mr. 
Adams McConnel during the course operations the Richmond 
Hospital, Dublin. The piece cortex removed was immediately immersed 
Ringer’s solution and was transferred automobile the Physio- 
logical Laboratory Trinity College, where was cut into slices. The rate 
respiration (absorption oxygen) and both the aerobic and anaerobic 
rates production lactic acid the slices were then For 
the aerobic experiments the slices were incubated oxygen containing 
per cent. carbon dioxide, while the anaerobic experiments nitrogen 
containing per cent. carbon dioxide was used. results are shown 


Qo, and were defined 

similarly represents the number cubic millimetres lactic acid produced 
nitrogen (i.e. anaerobic) per milligramme dry weight tissue per hour. 

and represent the number cubic millimetres glucose (expressed gas 
N.T.P.) used under aerobic and anaerobic conditions respectively, per milligramme dry 
weight tissue per hour. This gaseous scale gives figures convenient order and 
now very generally employed work tissue metabolism. The values and 
the above table were calculated from and (vide Dixon, 
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These results demonstrate that deprivation oxygen enormously 
increases the rate lactic acid production and also the rate consump- 
tion glucose human cerebral cortex. The results obtained with 
human cortex thus substantiate the view that increase metabolism 
the cause the increased nervous activity which results from depriva- 
tion oxygen. would appear that many the irritative phenomena 
encountered result pathological processes the human brain may 
due this stimulation metabolism consequent upon oxygen shortage 


the nerve centres. 


(3) Errect Excess Ions AND OxYGEN 


have seen that the presence oxygen the addition potassium 
ions causes increase the production lactic acid and the con- 
sumption glucose brain cortex. the absence oxygen, the 
other hand, the addition excess potassium ions markedly inhibits 
both lactic acid production and glucose consumption, This inhibition 
lactic acid production ions the absence oxygen was shown 
Ashford and Dixon (1935). was found that this inhibition, unlike 
the aerobic potassium effect, was irreversible, irreversible tissue damage 
having occurred. The following more recent observations demonstrate 
that the anaerobic rate consumption glucose the presence added 
ions low order and fact comparable value the aerobic 
rate the absence added ions, being course much less than the 
aerobic rate glucose consumption the presence excess ions. These 
results were obtained with slices the cerebral cortex the rabbit 


Molarity of KCl added to normal bicarbonate 
Ringer containing 0°05% glucose . 00 


N 


N 


The values Qc, were here measured directly estimation sugar disappearing. 
The figures obtained using Rabbit are taken irom those obtained Dixon (1936). 


have seen that the first result anoxia the neurones 
cause increase carbohydrate catabolism accompanied increase 
nervous activity. the whole animal nervous activity entails extensive 
depolarization the neuronal surfaces with liberation into the environ- 
ment potassium ions previously held inside the neurones (Cowan, 
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Hill, 1932 Adrian, 1932 Vogt, 1935). Thus, after the preliminary burst 
activity caused the increased metabolism consequent upon 
the neurones are then subjected anaerobic conditions coupled with 
excess potassium ions their environment. However, have seen 
that under anaerobic conditions excess potassium ions does not stimu- 
late, but actually depresses, carbohydrate metabolism. With this depres- 
sion metabolism would anticipate depression neuronal activity, 
fact the final outcome anaerobic conditions. Accordingly the 
view that nervous activity determined the rate sugar metabolism 
can well explain the fact that cerebral produces transitory sym- 


ptoms and signs irritation the neurones, followed ultimately 


depression and paralysis with irreversible tissue damage and death. 


Frequently convulsions are the first result cyanide poisoning. This 
increase nervous activity quickly followed paralysis the nerve 
centres and respiratory arrest. small doses, however, cyanide can exert 
stimulating effect alone. This has been shown Loewenhart, Lorenz 
and Waters (1929), who found that injections small doses sodium 
cyanide cause remarkable activity stuporose case schizophrenia. 
large doses stimulation may quickly followed paralysis that 
death almost immediate without any initial signs increased activity. 

The pharmacological action cyanide has always been regarded 
due its power inhibiting respiration. fact equivalent 
physiological deprivation oxygen. would thus expect find 
brain cortex increase lactic acid production and glucose catabolism 
associated with this inhibition respiration cyanide. fact, such 
increased lactic acid production the presence cyanide has been shown 
occur muscle (Meyerhof, 1920) and embryo (Warburg al., 1924), 
and Stone (1938) has found the lactic acid content the brain raised 
animals killed cyanide convulsions. That such increase glucose 
catabolism and lactic acid production produced brain cortex 
the addition cyanide will clear from the results the following 
experiment. 

Molarity NaCN added normal bicarbonate 


Ringer containing glucose 0°002 
13-7 


Rate glucose destruction calculated from Qo, and (see above). 
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The initial nervous stimulation and irritative phenomena produced 
cyanide poisoning can thus explained being caused the increased 
glucose consumption and lactic acid production the neurones themselves, 
which the first result cyanide poisoning. 


The increased metabolism and nervous activity produced cyanide, 
the case cerebral (q.v.), probably causes extensive neuronal 
depolarization with accumulation ions outside the cell. was thus 
interest investigate the combined action excess ions and 
cyanide the metabolism brain cortex. The following results were 
obtained 


Molarity NaCN bicarbonate Ringer 


containing 0°2% glucose 4- 0°1 MK 0 0°002 
Rabbit Qo, 12-1 2-1 
16-7 +18 


M 

clear from these results coupled with those the last section that 
cyanide combined with excess ions depresses cerebral metabolism 
down low level, much below that the metabolism the presence 
either these agents alone. The final action cyanide thus cause 
depression neuronal metabolism and nervous activity, owing the 
secondary liberation potassium ions which accompanies the preliminary 
activity induced the cyanide. The pharmacological action cyanide 
causing initial irritation and final paralysis thus explained these 
experiments cerebral metabolism. 


The above studies cerebral metabolism under normal and abnormal 
conditions have suggested that alterations nervous activity produced 
disease are dependent alterations the rate neuronal metabolism. 
must now consider briefly how nervous activity connected with 
metabolism. 

probable that nerve cells and fibres are impermeable the majority 
anions and sodium. Potassium ions, the other hand, can pene- 
trate the neuronal surfaces. neurone rest the potassium concentra- 
tion inside the cell many times great that outside. Some potassium 
diffuses but other ions can cross the membrane, the external 


. 


CORTICAL METABOLISM RELATION CEREBRAL DISEASE 197 


surface becomes electropositive owing excess ions, and the internal 
surface becomes electronegative owing excess anion. The membrane 
thus polarized and the excess potassium inside electrostatically held 
the negatively charged anions and cannot diffuse out. activity 
depolarization occurs. highly probable that nerve impulses 
consist waves depolarization over the cell surfaces. Hill (1932) has 
suggested that this depolarization may due formation inside the 
nerve fibres some diffusible anion such lactate. now suggested 
that similar state affairs exists the cell bodies. thus clear how 
increase glucose metabolism with increased lactic acid production 
increases depolarization and activity. When lactate formed both the 
potassium ions (kations) and the lactate ions (anions) can diffuse out and 
depolarization with the initiation nerve impulses occurs. 

Thus any factor, which increases glucose consumption 
acid formation, increases the rate discharge nerve impulses the 
cell. Thus excess ions outside the neurones, deprivation oxygen, 
and cyanide, initially cause irritation the neurones increasing the 
rate glucose consumption with increase formation lactic acid. 
Adrian (1932) has shown that bursts nerve impulses are produced 
periodically probably result slower periodic electrical changes 
the brain cells. These changes doubt also consist waves depolari- 
zation the cell surfaces. local increase ions may well initiate 
these electrical changes causing increase lactic acid production along 
with depolarization. ions can then diffuse out the cells causing in- 
crease the environmental concentration further afield, together with 
increase metabolism neighbouring portion the cell; thus 
surface depolarization extends. this manner, waves increased meta- 
bolism accompanied waves liberation ions and electrical 
activity spread over the surface the cells result local increase 
the concentration ions. Thus local liberation ions the 
dendrites neighbouring cells may the mechanism central reflex 
action. Similar waves activity may initiated other means 
stimulating metabolism, namely cerebral (oxygen deprivation) 
and cyanide. But, have found that under these conditions ions 
longer can stimulate metabolism, cessation reflex activity the 
ultimate outcome both deprivation oxygen and cyanide 
Also, more prolonged anaerobiosis (or cyanide poisoning) can cause 
accumulation potassium ions outside the neurones, that anaerobiosis 
now combined with excess potassium ions the environment. But 
the combination excess potassium and deprivation oxygen irreversibly 
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inhibits carbohydrate metabolism, lactic acid production and activity. 
Thus prelminary increase metabolism and irritation are succeeded 
inhibition metabolism and paralysis. 


(1) Potassium ions concentrations down mols per litre stimu- 
late respiration, lactic acid production and glucose consumption slices 
rabbit cerebral cortex the presence oxygen. 

(2) The rates respiration, aerobic and anaerobic lactic acid production 
human cerebral cortex were measured. was found that deprivation 
oxygen stimulates both glucose consumption and lactic acid production 
human brain had previously been found animal tissues. 

(3) former work had been found that potassium excess combined 
with anaerobic conditions depress lactic acid production rabbit cerebral 
cortex. The rate glucose disappearance measured directly also found 
depressed excess potassium under anaerobic conditions. 

(4) Cyanide inhibits respiration but stimulates lactic acid production 
and consumption glucose rabbit cerebral cortex. 

(5) Excess potassium ions combined with cyanide, however, depresses 
metabolism low level. 

(6) Reasons are given for the belief that nervous activity dependent 
glucose consumption with liberation lactic acid 
electrical depolarization the neuronal surfaces. Conditions, such 
excess potassium ions and deprivation oxygen, which increase glucose 
consumption, thus cause increase nervous activity. 

(7) suggested that normal central reflex activity due local 
liberation potassium ions with concomitant stimulation carbohydrate 
metabolism. 

(8) would also follow that pathological cerebral irritation with 
increased nervous discharge due the similar stimulation neuronal 
metabolism result deprivation oxygen. Thus the signs irrita- 
tion which accompany intracranial hemorrhage, traumatic delirium with 
cerebral cedema, Stokes-Adams attacks and sometimes intracranial neo- 
plasm, are explained due increased neuronal metabolism consequent 
upon oxygen deprivation. 

paralysis and cessation nervous function, which follow 
irritation the above pathological conditions, are probably due subse- 
quent diminution rate metabolism. The initial nervous activity, 
accompanying deprivation oxygen, causes liberation potassium ions 
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from the cells. The resulting excess potassium ions outside the cells 
combined with anaerobiosis actively depresses the previously raised meta- 
bolism. Thus two the cardinal signs acute cerebral disease, namely 
irritation followed paralysis, are explained metabolic basis. 

(10) The pharmacological action which convulsions are 
succeeded cessation nervous activity accounted for similar lines 
result the effects cyanide cerebral metabolism. 


wish thank Professor Torrens for his valuable advice and 
encouragement during the course this work. also wish thank Mr. 
Adams McConnell for his kindness and co-operation supplying with 
material removed during the course operations, which made possible 
the work the metabolism human cortex. The above work was done 
part during the tenure the Fearnsides Scholarship Cambridge 
University for clinical research the Organic Nervous Diseases. 
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Bruce. London: Arnold and Co. Two volumes. Pp. 1,838 with 
331 illustrations. Price 4s. 


The need for modern comprehensive textbeok representing English Neurology 
has long been felt, for though the vivid clinical descriptions and searching analysis 
Gowers’ celebrated Manual” can never allow become out date, accumu- 
lation clinical and pathological knowledge has necessitated supplements many 
his chapters and revision some views expressed them. was generally 
known that the late Dr. Kinnier Wilson was engaged this task, and his editor 
states that the date his untimely death had almost completed it. The 
arrangements Wilson’s manuscript, its publication and the selection suitable 
illustrations has been undertaken Dr. Ninian Bruce, who must congratulated 
the successful accomplishment this difficult duty. 

The first impression most readers these two volumes will the 
industry the author collecting and studying both ancient and modern literature 
bearing all branches neurology. His references, the sources which appear 
footnotes each page, are critically evaluated the light his own experience, 
-and this system will consequently prove extremely useful reliable work 
reference. The short historical introductions each chapter add considerable 
interest his discussion most diseases. 

The style distinctive, smooth and readable, and subjects which particularly 
interested the author, which his opinion required emphasis, vigorous. The 
employment neologisms less common than many his other writings, but 
those used occasionally confuse his meanings often they are not adequately 
defined may even etymologically indefinite. Many readers may also find the 
recurring criticisms conventional terms and names disease irritating. may 
occasionally advisable replace well-established terms titles which are more 
accurate more fully descriptive the clinical and pathological conditions which 
they are attached, but such extensive revision the author suggests does not 
seem necessary present attainable. Some his own choices are far from 
Polysclerosis for Disseminated Sclerosis and Thrombomyelia for Acute 
Myelitis are, for example, neither more satisfactory nor more accurate descriptive 
terms morbid conditions than those suggested they replace. 

Many chapters these volumes attain high standard, particularly those 
dealing with subjects which Wilson was personally interested. His treatment 
affections the so-called extrapyramidal system, including Parkinson’s Disease and 
related conditions, lenticular degeneration, torsion spasm and others, excellent 
the clinical descriptions are faithful and vivid and discussion the underlying 
structural changes complete present possible. regrettable, however, 
that the author who contributed much the correlation symptoms with lesions 
this region the brain has not attempted analyse more fully terms 
function the disturbances which characterize them and determine their significance. 
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The sections the cerebral atrophies and allied conditions are also admirable. 
Various forms convulsive seizures are grouped together chapter The 
Epilepsies,” which follows the same lines his recent contribution this subject 
Bumke and Foerster’s der Neurologie.” Narcolepsy and Migraine, 
two subjects gave much attention, are excellently described though 
new suggestions the pathogenesis the symptoms which characterize them are 
offered. Tics, torticollis, various types muscular spasm unknown origin and the 
professional cramps and palsies are considered under the term Motor Neurosis,” 
that his own words physiological disabilities not yet linked, and perhaps never 
linked, with lesions which the microscope can disclose.” The discussions 
the nature many are penetrating and often suggestive lines 
further investigation. 

Regret the author’s premature death must accentuated disappointment 
that had not completed final revision certain chapters, for this can the 
only explanation the cursory and unsatisfactory form which they appear. The 
descriptions many common diseases are only lists symptoms recorded 
notebook for further elaboration accurate clinical picture presented, their 
evolution often neglected, and little attempt made interpret symptoms 
terms function relate them with structural disturbances. The reviewer 
has the impression that Wilson’s method work was assemble the appropriate 
literature references for each section, sketch out the proposed method writing them 
and finally select the necessary illustrations. this true this plan was unfortu- 
nately interrupted various stages. may explain the inequality different 
chapters many pages for instance are devoted the classification cerebral 
tumours, but the symptoms they produce and their localization clinical methods 
are inadequately dealt with. may explain also several striking omissions neither 
aphasia nor apraxia referred the index discussed the text disturbances 
vision cerebral origin are scarcely considered, and disorders the functions 
the bladder and rectum due nervous disease have not received the consideration 
they deserve. 

the whole the sections pathology are hardly adequate for textbook 
this scope, and few the illustrations depict anatomical changes. 

the importance and value this textbook there can doubt. will 
serve chiefly work for reference, but will also prove useful critical review 
current opinion several subjects, and presentation many morbid 
conditions and the problems they present independent thinker and 


brilliant clinician. 


London: Oxford University Press. Pp. 660. Price 20s. 


The fifth edition what has become the standard textbook its subject 
this country has been admirably kept abreast recent advances knowledge with- 
out any increase bulk, tribute the authors that shows that the work 
has not merely been added to, but has where necessary been thoroughly recast, 
that still retains the original clarity exposition that has made justly 
popular. 

Valuable new features are the chapters dealing with the management and care 
nervous children, and carefully critical account the insulin and cardiazol 


treatments. 
Most welcome the clinical observer will the well-written descriptive accounts 
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the various clinical pictures the psychoses and psychoneuroses, and the admir- 
able proportion which the authors have everywhere observed between 


pathology and symptomatology. 
There can doubt that this edition will receive the support that its 


predecessors have obtained. 


The 1939 Year Book Neurology, Psychiatry and Endocrinology. Edited 
Publishers. 1940. Chicago. London: Lewis and Co. Price 


dollars. 


The latest issue this volume contains useful summaries the various advances 
knowledge the branches medicine with which deals and will prove 
valuable reference book for the working neurologist and psychiatrist. 


Compendium Regional Diagnosis Lesions the Brain and Spinal 
Cord. Binc. Eleventh Edition translated into English 
London: Henry Kimpton. 1940. Pp. 275. Price 25s. 


Since the ninth German edition was noticed these pages (1934, 57, 529) 
considerable changes have been made this popular and valuable manual 
localizing diagnosis. the matter applied anatomy remains the best and most 
accurate work its kind, but observed the earlier review modern neuro- 
physiology has not been very successfully embodied the work. Sections dealing 
with such subjects cerebellar and cerebral cortical functions and aphasic speech 
disturbances are couched the somewhat allegorical language that perforce did 
service before precise physiological knowledge was available. say that ‘the 
cerebellum takes care the proper co-operation various muscle groups and 
correctly graduates the strength impulses passing them” not convey 
information, while respect cerebral cortical functions the statement that 
pathways connecting the various concepts formed from perceptions 
provide the means which higher psychic activity carried out” is, say the 
least, somewhat bewildering confusion psychological and anatomical categories. 
Babinski’s inversion the radial reflex still remains incorrectly described and there 
adequate description discussion the flexed and extended forms 
paraplegia. 

Nevertheless working guide the localization lesions, that is, the 
clinical interpretation symptoms, this compendium still justly retains wide- 


spread popularity. 


Recent Advances Neurology. London: Churchill. 
1940. Fourth Edition. Pp. 364. Price 16s. 


The author has achieved the difficult task keeping this very useful manual 
date without increase size. The post-graduate student and the busy 
practising neurologist will find excellent summaries recent advances 
knowledge clinical neurology and the related fields pathology and physiology. 

may regret that after discussing the evidence for and against the value 
serotherapy acute poliomyelitis, the author has been content -with the statement 
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that generally agreed that serotherapy, effective all, can only when 
administered during the preparalytic stage.” This half-hearted conclusion runs 
distinctly counter the experimental evidence and finds support the clinical 
evidence. The later observations Kleinschmidt the recent Cologne epidemic 
lend still further confirmation the view that serum therapy invariably useless. 

This, however, minor criticism book which the standard critical 


assessment recent work uniformly high. 


Medical Diseases War. Sir Hurst. London: Edward 
Arnold. 1940. Pp. 326. Price 16s. 


this volume the author restates his well-known views the treatment 
neuroses arising soldiers, which the average reader will find refreshing 
contrast the doctrinaire pronouncements receive from the more exotic 
schools medical psychological thought. admirable chapter 
anxiety neuroses war from the pen Dr. Ross. Thus approximately half 
the book will prove special interest the neurologist. The remaining 
chapters deal with the infective diseases that were most important the last war, 
though whether the problems the present struggle will make these chapters 
relevant remains seen. The only criticism this useful handbook its 


high price. 


St. Thomas’s Hospital Reports. Vol. IV, Second Series, 1939. Price 10s. 


This volume contains two articles special interest neurologists. One 
Macrogenitosomia without gross lesion, and critical review the subject 
cerebral abscess Elkington. particular value his discussion the results 
operation for cerebral abscess, which points out that the mortality rate 
to-day higher than that achieved nearly fifty years ago the pioneer this 
branch surgery, McEwan Glasgow. 
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Farming and open-air occupation for 
few vacancies Ist and 2nd class 


Fees: Ist class (men only) from 5s. per week upwards. 
2nd class (men and women) 32/- per week. 


For further particulars apply 
Edgar Grisewood, A.C.A., Secretary, 20, Exchange Street East, 


CHISWICK HOUSE, PINNER, 


MIDDLESEX. PINNER 234 


Private Hospital for the Treatment and Care Mental and Nervous 
both sexes. 

modern country house, miles from Marble Arch, beautiful secluded 
grounds. Fees from per week, inclusive. Cases under Certificate, 
Voluntary, and Temporary patients received for treatment. 


DOUGLAS MACAULAY, M.D., D.P.M. 
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